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TITLE OF THE INVFNmn]^^ 

17-ETHERS AND THIOETHERS OF 4-AZA-STEROIDS 

BACKGRnTT ND OF THF TKrvi;^ n|^ 

The present invention is directed to new 17-position ether 
and thioether derivatives of 4.a2a.androstan-3-ones and related 
compounds, and the use of such compounds ^ 5a-reductase inhibitors. 

The art reveals that certain undesirable physiological 
manifestations, such as acne vulgaris, seborrhea, female hirsutism, male 
pattem baldness and benign prostatic hypertrophy, are the result of 
hyperandrogenic stimulation caused by an excessive accumulation of 
testosterone or similar androgenic hormones in the metabolic system. 
Early attempts to provide a diemother^tic agent to counter the 
imdesirable results of hyperandrogenicity resulted in the discovery of 
several steroidal antiandrogens having undesirable hormonal activities 
of their own. The estrogens, for example, not only counteract the effect 
of the androgens but have a feminizing effect as well. Non-steroidal 
antiandrogens have also been developed, for example, 4'-nitro-3'- 
trifluoromethyl-isobutyranilide. See Neri, et al., Endo., Vol. 91, No. 2 
(1972). However, these products, though devoid of hormonal effects, 
are peripherally active, competing with the natural androgens for 
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receptor sites, and hence have a tendency to feminize a male host or the 
male fetus of a female host 

It is now known in the art that the principal mediator of 
androgenic activity in some target oigans is Sa-dihydrotestosterone, 
and Aat it is formed locally in die target organ by the action of 
testosterone-Sa-ieductase. It is also known diat inMbitois of 
testosteione-5a-redactase will SMve to prevent or lessoi symptoms of 
hyperandrogenic stimulation. 

A number of 4-aza steroid compounds are known in die art 
as 5a-reductase inhibitors. For example. See U.S. Patent Nos. 
2,227,876, 3,239,417. 3,264,301 and 3,285,918; Firach Patent No. 
1,465,544; Doorenbos and Solomons, J. Phami. Sd. 62, 4, pp. 638-640 

(1973) ; Doorenbos and Brown, J. Phann. ScL, 60, 8, pp. 1234-1235 
(1971); and Doorenbos and Kim, J. Phann. Sci. 63, 4, pp. 620-622 

(1974) . 

In addition, U.S. Patent Nos. 4377,584, 4,220i775, 
4,859,681, 4.760,071 and the articles J. Med. C3iem. 2L P- 1690-1701 
(1984) and J, Med. Chan. 22, 2998-2315 (1986) of Rasmusson. et aL, 
U.S. Patent 4,845,104 to Carlin. et aL, and U.S. Patent 4,732.897 to 
Cainelli, et al. describe 4-aza-17B-substituted-5a-androstan-3-ones 
whidi are said to be useful in die treatment of DHT-related hyper- 
androgenic conditions. 

However, despite die suggestion in the prior art that 
hyperandrogenic diseases are the result of a single 5a-reductase. there 
are reports regarding die presence of otiier 5a-reductase isozymes in 
bodi rats and humans. For example, in human prostate. Bruchovsky. et 
al. (See J. Clio. Endocrinol. Metab. SL 806-816. 1988) and Hudson* 
(see J. Steroid Biochon. 26, p 349-353. 1987) found different 5a- 
reductase activities m die stromal and epithelial fiactions. Additionally, 
Moore and Wilson described two distinct human reductases wifli peaks 
of activities at eith» pH 5.5 or pH 7-9. (See J. Biol. Cbem. 25L 19. p. 
5895-5900, 1976.) 

Recently, Andersson and Russell isolated a cDNA which 
CTCodes a lat liver 5a-reductase (see J. Biol. Chem. 261 pp. 16249-55 
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(1989). They found a single mRNA which encodes both the liver and 
prostatic reductases of rats. The sequence of this rat gene was later used 
to select a human prostatic cDNA encoding a 5a-reductase termed 
"5a-reductase 1". (See Proc. Nat'l. Acad. Sci. 87, p. 3640-3644, 
1990.) 

More recently, a second, human prostatic reductase (5a- 
rcductase 2) has been cloned with properties identified with the more 
abundant form found in crude human prostatic extracts. (See Nature, 
254, p. 159-161, 1991.) 

Further, "Syndromes of Androgen Resistance" - The 
Biology of Reproduction, Vol. 46, p. 168-173 (1992) by Jean O. Wilson 
indicates that flie 5a-reductase 1 cazyms may be associated with hair 
foUicles. 

Thus, die art supports the existmce of at least two genes for 
5a-reductase and two distinct isozymes of 5a-rcductase in humans. 
Both fonns are present in prostatic tissue in which, 5a-reductase 2, is 
the more abundant, and die other isozyme, 5a-reductase 1, is believed 
to be more abundant in scalp tissue. 

In tiie treatment of hyperandrogenic disease conditions, e.g. 
benign prostatic hypeiplasia (BPH), it would be desirable to have one 
dmg entity which is active against bofli enzymes 1 and 2 in die prostate 
to substantially inhibit dihydrotestosterone (DHT) production. 
Alternatively, it would be desirable to have a drag entity which is 
highly selective for inhibiting the scalp associated enzyme 5a-reductase 

1, for use in treating diseases of the skin and scalp, e.g. acne and 
alopecia. The drag could also be used in combination with PROSCAR® 
(fmasteride) which is highly selective for die prostatic enzyme 5a~ 
reductase 2 for combination dierapy in the treatment of BPH. 

SUMMARY OF THE TNVRNTTnN 

The present invention discloses novel 17-position ether and 
diioedier derivatives of 4-aza-androstan-3-ones and related compounds 
whidi are usefiil for inhibiting die steroid 5a-reductase enzymes 1 and 

2. The compounds are particularly effective in selectively inhibiting die 
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5a-reductase 1 associated with the scalp, and dually inhibiting both 
isozymes 1 and 2 in the oral, parenteral or topical treatment of benign 
prostatic hypeiplasia, ame, female hirsutism, male pattern baldness, 
androgenic alopecia, prostatitis, and the prevention and treatment of 
prostatic carcinoma. 



DETAILED DHSCRTPTTON OF THE TNVKNTTnxr 

Tins invention is concerned wifli conqyomids of fonnula I, 
and combinations Oiereof for the selective inhibition of 5a-reductase 1 
and the combined inhibition of 5a-reductase 1 and 2. Confounds of 
formula I are defined as follows: 



15 



20 



25 



30 




wherein a and h are botii single bonds and R2 is hydrogen, or 
a is a double bond, is a single bond and R2 is hydrogen, or 
ais a single bond, h is a double bond and R2 is absent; 



Zis 
nis 
Xis 



Rlis 



R3 



R4 



IS 



IS 



-XR4,or-(Cml)ii-XR4; 

an integer selected £pom I -10; 

-0-or-S(0)p-, 

^»^rein p is zero, 1 or 2; 

-H, aiyl, or -Ci-3allqrl unsubstitiited or substituted with 
aiyl and when n fe greater than 1, Rl can be the same or 
different at each ocuiraice; 
-H, methyl, efiiyl, OH, -NH2 or -SCH3; 

1) -Cl-20 alkyi, imsubstitnted 
or substituted with one or more of: 
a)-OH, 
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b) halo, 

c) -Cl-g alkoxy, 

d) -Ci-io alkenyl, 

e) -CONR5R5, wherein R5 is independently 

i) -H. 

ii) -Cl-g alkyl unsubstituted or 
substituted with one or more of R7, 
aryl or heterocycle, the aiyl being 
unsubstituted or substituted with one 
or more of R7 or R9, 

iii) aiyl unsubstituted or substituted with 
one or more of R7 or R9, or 

iv) heterocycle, unsubstituted or 
substituted with one or more 
ofR7orR9, 

f) -C00R6, wherein R6 is 

i) -H. 

ii) -Cl-g alkyl unsubstimted or 
substituted with one or more of 
R7 or aryl, the aryl being 
unsubstituted or substituted witiione 
or more of R7 or R9, or 

iii) aryl, unsubstituted or 
substituted witib one or more of 
R7orR9, 

g) -S(0)p-R5, wiierein p is defined above, 

h) -N(R5)2, 

i) aryl, unsubstituted or substitiited wifli one or 
more of aiyl, R7 or R9, 

j) heterocycle, unsubstituted or substituted with 

one or more of R7 or R9, 
k) -C3-IO cycloalkyl, such as cyclohexyl, 

norbomyl, or adamantyl, unsubstituted or 
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substituted with one or moie of R7 or R9, 
or 

1) -CONR8-CO-NHR8, wherein R8 is -H, 
-Cl-8 aDcyl, benzyl or cyclohexyl, 

5 

2) aryl, unsubstituted or substituted with one or 
more of aiyl, R7 or R9, or 

3) heteiDcycIe or -CS-lO cycloalkyi, either 
of which is unsubstituted or substituted 

10 with one or more of R7 or R9; 

R7is 1) -OH, 

2) -C1.3 alkoxy, 

3) -ca^, 

15 4) .C00R6 

5) -Cl-8alkyI-COOR6 

6) -N02.or 

7) -halo; and 

8) amino, mono-Cl-C4 alkylamino, di-Cl-C4- 

20 allry lflnitnn ; 

R9 is 1 ) -Cl-g allcyl, unsubstituted or substituted with 

one or more of aryl or R7, 
2) -CX)-A, -Cl-8 aikyl-CO-A, -NHCO^A, or 
25 -S(0)p*A, \di»ein p is defined above 

andAis 

a) -H, 

b) -Cl-8 alkyl, unsubstituted or 
substituted with one or more of 

30 i)-R7,or 

ii) aryl, unsubstituted or 

substituted witix one or more of 
R7, or 

c) aryl, unsubstituted or 
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substituted with one or more of R7, 

3) -NHCO-heterocycle, 

4) -N(R10)2 or -CON(RlO)2 wherein RlO is 
independently heterocycle, or -A, 

5) -NHC0-(CH2)q-C0-Q, wherein q is 1-4. 
and Q is -N(RlO)2 or -ORlO; 



with the proviso that when Z is -0R4, r3 is -H, a is a single bond and b 

is a single or double bond, R4 is not isopentyl; 

or a phannaceutically acceptable salt or ester thereof. 

A first preferred embodiment of this invention is 
represented by compounds of formula II 




wherein R4 is -Ci.20 alkyl, unsubstituted or substituted widi one or 
more of 

-OH, halo, -Cl -galkoxy, -Ci-6a]kenyl, -S(0)p-R5, 
-N(R5)2, aryl unsubstituted or substitiited with one or more 
of aiyl, R7 or R9, heterocycle unsubstituted or substituted 
wifli one or more of R7 or R9, or -C3-10 cycloalkyl 
unsubstituted or substituted wifli one or more of R7 or R9 
and X, p, R5, r7 and R9 are all defined as in fonnula I. 

A second preferred embodiment of this invention is 
rqnesrated by compounds of formula U wherein R4 is -C1.20 alkyl 
substituted with -CONR5r5, ^0R6 or -CX)NR8cONHR8, 
and X, R5, r6 and R8 are defined as in fonnula I. 
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A third preferred embodimeDt of this invention is 
represented by compounds of formula n wherein R4 is 

aryl unsubstituted or substituted wiA 
one or more of aiyl, R7 or R9; 

heterocycle unsubstituted or substituted with one or more 
ofR7orR9;or 

-CS-lO cycloalkyl unsubstituted or substituted with one or 
more of R7 or R9; 

and X, R7 and R9 are defined as in formula L 

A fourth preferred embodiment of this invmtion is 
represented by compounds of formula IQ 




(CHR^)n-XR* 



20 

wherein R4 is -Cl.20 alkyl, unsubstituted or substituted wi& one or 
more of 

-OH, halo, -Ci-galkoxy, -Ci^alkrayl, -S(0)p-R5, 
-N^5)2, aryl unsubstituted or substituted with one or inoie 
of aryl, R7 or R9, heterocycle unsubstituted or substituted 
with one or more of R7 or R9, or -C3-10 cycloall^l 
unsubstituted or substituted with one or more of R7 or R9, 
and X, Rl, n, p, R^, R7 and R9 are defined as in formula L 



A fifth preferred embodiment of this invention is 
represented by compounds of formula HI vtdierein R4 is <Ii.20 alkyl 
substituted with -OONRSrS, -C00R6 or -CONR8cONHR8, 
and X» Rl, n, R5, r6 and .RS are defined as in formula L 
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A sixth preferred embodiment of this invention is 
represented by compounds of fonnula m wherein R4 is 

aryl unsubstituted or substituted with one or more of arvl 
R7orR9; ^' 

heterocycle unsubstituted or substituted with one or more 
of R7orR9; or 

-C3-IO cycloalkyl unsubstituted or substituted with one or 
morcof R7orR9; 

and X, Rl, n, R7 and R9 are defined as in fonnula I. 

Unless stated otherwise, the 17-position substituent is 
assumed to be in the beta configuration. 

Novel compounds of the present invention include but are 
not limited to the following compounds: 



OCH, 



20 




20-(meflioxymethyI)-4-methyl.5a-4-azapregnan-3-one, 



25 



30 




17-(carbobenzyloxymethoxymethyl)-4-methyl-5a-4.a2aandrostan-3- 
one. 
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10 



15 



20 




COCH3 



Hp 

5a-4-azaandrostm-3K)n-17B-yloxy-N-(4-acetylphenyl)acetanii(fe, 




17a-tiijophenoxy-4-metiiyl-Sa-4-azaandrostan-3-one, 



17-(inetboxymetfayl)-4-metfayI-Sa-4-azaandn)stan-3-oiie, 

17-(ediyl^ometiiyl>4-mediyl-5a-4-azaandiostaii-3-one, 

I7-(caiboxym^oxymetfayI)-4-mediyl-Sa-4-azaandrostan--3-oiie, 

17-<caiboe1faoxym^oxyme&yl)-4-]iiethyI-5a-4-azaandrost^ 

25 17-(caibobCTzyloxymeAoxyine%lH-mefliyI-5a-4-azaan(irostan-3- 
one, 

17<diphaiyIme&o^'methyI)-4-metiiyl-Sa-^azaandTostan-3-o^^ 
20-(diphaiyIinethoxy)-4-mefliyl-5a-4-azapregnaii-3-one, 
20-medioxy-4-me]liyl-Sa-4-az^iegiian-3-one, 
3Q. 20-<me1boxymetfayl)-4-mediyl-SbM-azs^regiiaii-3-one, 

20<dipIiray]in^oxymediyl)-4-methyl-5a-4-azapregiian-3-ane, 
20-(ediyI^amethy]H-methyl-5a-4-azapregnan-3-ane, 
20-(isqpropyItUomet&)4H-methyI-5a-4-az{^iegnan-3>Qiie, 
efliyl 4-inethyI-Sa-4-azaandrostan-3-oii-17fi-y]o]^acetate, 
diphraylmediyl 4-methyl-5a-4-azaandrostaii-3-on-17fl- 
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yloxyacetate, 

4-methyl-5a-4-azaandrostan-3-on- 1 76-yloxy-N-(3 ,4-dichloro- 
benzyl)acetamide, 

4-me%l-5a-4-a2aandrostan-3K)n-17B-yioxy-N-phenylacetam 
5 4-methyl-5a-4-azaandn)stan-3-on-176-yloxyacetic acid, 
4-methyl-5a-4-azaandrostan-3-on-176-yIoxy-N-(4-acetyl- 
phenyl)acetamide, 

4-mefliyI-5a-4-azaandrostan-3K)n-176-yIoxyacetamide, 
7B-(4-hiphenyloxy)-4-methyl-5a-4-azaandrostan-3-one, 

10 7B-(2Adimtrophenoxy)-4-methyl-5a-4-azaandrostan-3-one, 
4-methyI-17a-phenoxy-5a-4-azaandrostan-3-one, 
1 7a-(4-biphenyloxy>4-methyl-5a-4-azaandrostan-3-one, 
176-diphenylmethoxy-4-metfiyI-5a-4-a2aandiostan-3-one, 
4-methyI-17a-fluophenoxy-5a-4-a2aandrostan-3-one, 

15 4-methyH7a-^henylsulfonyI-5a-4-a2aandrostan-3-one, 

4HmethyI-17a-phenybulfmyl-5a-4-azaandrostan-3-one (isomer a), 
4-methyl-17a-phenylsulfinyl-5a-4-azaandrostan-3-one (isomer b), 
4-methyI-17B-(4-mtrDphenoxy)-5a-4-azaandrostan-3-Qne, 
17B-(4-aminophenoxy)-4-methyl-5a-4-a2aandrostan-3-one 

20 hydrochloride, 

176-(4-acetamidophenoxyH-methyl-5a-4-azaandrostan-3-one 
176-(4-cyanophenoxy>4-methyl-5a-4-a2aandrostaii-3-one, 
17fi*(4<arboxamidophenoxy)-4-metfayI-5a-4-azaandrostaii-3-oDe, 
176-methyleneoxy-[N-cycIohexyl-N-(N-cycIohexyl-caibamoyl)- 

25 caibamoyl]*4-metfayl-Sa--4-azaandn)stan-3-oxie, 

4-methyl-17B-(3-pyridyl)oxy-5a-4-a2aandrostan-3-one, 
4-mefliyI-17B-(2-pyridyl)medioxy-5a-4-a2aandrostan-3-one, 
176-beiizyloxy-4-methyl-5a-4-a2aandrostan-3-one, 
eAyl 5a-4-a2aandrostan-3-on-17B-yloxyacetate, 

30 5a-4-azaandn>stan-3-on-17B-yloxyacetic acid, 

5a-4-azaandrostan-3-on-17B-yloxy-N-phenylaretamide, 
5a--4-azaandrostan-3K>n-17B-yloxy-N-(4-acetylphenyI)aceta^ 
diph^ylmethyl 5a-4-azaaiidrostaii-3-on-17B-yloxyacetate, 
17B-methyleneoxy.[N-cycIohexyl-N-(N-cyclohexyl-caibamoyI)- 



wo 93/23040 



PCT/US93/04746 



- 12 - 

carbamoyl]-5a-4-a2aandrostan-3-one, 

5a-4-azaandrostan-3-on-17B-yloxy-N-[4-(l(RS)-hy<iroxyethyl)- 
phsiyljacetamide, 

5a-4-azaandrostan-3-on-17B-yloxy-N-(4-t-butylphenyl)acetamide, 
5 176-methyleiieoxy-[N-isopropyl-N-(N-isopropyIeaibamoyl> 
caibamoyl]-5a-4-azaandiostan-3-one, 

17-(4-methylpaityIoxy)-4-mediyI-Sa-4-azaandTostan-3-one, 

17-he3qrlo3qr-4-methyl-5a-4-azaandrostan-3-one, 

4-methyl-17-propyloxy-5a-4-a2aandrpstan-3-one, 
10 4-methyl-17-imdecyIoxy-5a-4-azaaiidrostaii-3-one, 

17-allyloxy-4-methyl-5a-4-azaandrostan-3-one, 

17-alIyloxy-4-methyl-4-azaandrost-5-en-3-caie, and 

17-hexyloxy-4-methyl-4-azaandrost-5-en-3-one. 

15 Novel compoimds of this mventicmfurdierinclade, but aie 

not limited to: 

17<4<isobutyl)braizyloxy)niethyl-4-mefliyl-5a--4-azaandrostan-3-one, 

I7-(4-acetamidobenzyloxy)methyl-4-metliyl-5a--4-azaandn>stan-3-one, 

20 4-metiiyi-17-(3-nitroben2yIoxy)mefliyl-5a-4-azaan&ostan-3-one, 

4-methyI-17-^h»ioxyedioxymethyl)-Sa-4-azaandrostan-3-one, 

17-0<isopropylfliio)propyIoxy)methyl-4-metfayl-5a-4-azaandrostan-3- 
one, 

17-(2-fluorobaizyloxy)me<hyl-4-melhyl-5a--4-azaandrostan-3-oner 

25 4-me%l-17-(3<tri£hioromethyI)ben2yloxy)methyl-5a-4-azaandrostan- 
3-one, 

17<4^iime%laminobenzyloxy)me%I-4-mefhyI-5a-4-azaandrostan-3- 
one, 

17<C^-^-tatyl-caiboxaniido)metboxymethyl)-4-methyl-5a-4- 
30 azaandrostan-3-one, 

20-(3-(ethyIfliio)propyl)-4-methyl-5a-4-azaprcgnan-3-one, 
20-(2-<be»zyloxy)ediyI)-4-methyi-5a-4-azapregnan-3-one, 
20-(3-nielhoxybenzyIoxy)methyl-4-metIiyl-5a--4-az^regnan-3-one» 
17a-(cail)oedioxymeflioxy)benzyl-4-metiiyI-5a-4-azaandrostanO<m 
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20-(4.(me%lthio)ben2yloxy)me%]-4-me%1.5a--t.a2apregnanO.^^^ 

4-methyM7-n.octyIthiomethyI-5a-4-a2aandrostan-3-one, 

20.(t.butylthiomethyIH.metbyI.5a-4-azapregnan-3-one' 

17-(2-furiTjiy])thiome%l-4-methyl.5a-^-azaand[rostan-3-one 

5 17-(geranyIoxymethyl)-4-metbyI-5a-4-azaandrostaii.3-one 

4.methyI-20-(2.(n-nonyItiiio)ethyI)-5a-4-a2apregiian-3-one 

20.(methylthiomethyl)-|.methyI-5a-4-azapregnan-3-one, 

I7^4.(beii2yloxy)beii2yloxy)methyl-4-methyI.5a-4.azaaidrostaii-3- 
one, 

10 20-(diphenylme%Ithio)methyl-4-methyI.5a-4-a2aprcgnaii-3^ne 
17-(3-(ethylthio)propyl)^metfayN5a-4.azaaudrostan.3.one 
4-methyl.20-(phenyltiiiomethyI)-5a-4-a2aprcgnan-3-one 
17-(e%IsuIfonyIme%l)-4.me%l-5a-^a2aandrosto^^^ 

lH4-ethoxybenzyloxy)methyI-4-methyI-5a-4-a2aandrostan-3-one. 

Also included within the scope of this invention are 
phannaceutically acceptable salts or esteis, where a basic or acidic 

^r^ '^ * ^V^^ of fonnula I, such as on the substituted 
al^l, cycloalkyi, aiyl or heterocyclic moiety. When an acidic 

20 siibstituentispresentJ.e..COOH.therecanbefom,edtheammonhun 
sodium, potassium, calcium salt, and the like, for use as thfe dosage ' 

Ki .^^^'!\*^''8~"P^^I»«^^i e. amino, acidic salts. i.e. 
hy(frochlonde. hydrobromide. acetate, pamoate, and the like, can be 
25 used as the dosage fomi. 

Also, in the case of the -COOH group bemg present, 
Phamiaceutically acceptable esters can be employed, e.g. acetate 

and those esters known m flie 
ait for modrfymg solubility or hydrolysis characteristics for use as 
30 sustamed release or prodrag fpnnulations. 

The compounds of die present invention, may have 
asymmetric centeis and occur as racemates, racemic mixtures and as 
mdividual diastercomeis. with all isomeric fonns being included in the 
present mvention. 
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When any variable (e.g„ aryl, heterocycle, Rl, R2, n, X, 
etc.) occurs more than one time in any constituent or in formula I, n or 
HI, its definition on each occurrence is indepradent of its definition at 
eveiy other occurrence. Also, combinations of substituents and/or 
variables are permissible only if such combinations result in stable 
compounds. 

As used herein "aBgrl" is intended to include totii 
branched- and straig^it-cfaain saturated aliphatic hydrocarbon groups 
having flie specified number of oubon atoms ^e is methyl, Et is ethyl, 
Pr is propyl, Bu is butyl); "aflcoxy" represents an aikyl group of 
indicated number of carbon atoms attached througih an oxygen bridge. 
"Cycloalkyl" is intended to include saturated mono-, bi- and tricyclic 
ring groups, such as cyclopropyi, cyelobutyi, cyclopOTityl, cyclohexyl 
(Cyh), cycloheptyl, noibomanyl and adamantyl. "Alk^yl" is intended 
to include hydrocaibon groups of either a straight or brandied 
configuration with one or more carbon-carbon double bonds which may 
occur in any stable point along Ae chain, such as ethenyl, propenyl, 
butenyl, pentenyl, and the like. "Halo", as used herein, means fluoro, 
chlorot bromo and iodo. 

As used herein, with exceptions as noted, "aryl" is intended 
to mean phenyl (Ph) or naphtfayL 

The temi heterocycle or heterocyclic, as used herein except 
where noted, represents a stable 5- to 7-membered monocyclic 
heterocyclic ring whicji is either saturated or unsaturated, and vMch 
ccmsists of caibcm atoms and from one to three heteroatoms selected 
firom flie group consisting of N, O and S, and wherein flie nitrogen and 
sulfur heteroatoms may optionally be oxidized, and the nitrogen 
het^atom may optionally be cpiatemized, and including any bicyclic 
group in vMck any of the above-defined heterocyclic rings is fused to a 
benz^ ring. The heterocyclic ring may be attached at any heteroatom 
or carbon atom whidi results in the creation of a stable stmcture. 
Examples of such heterocyclic elements include piperidinyl, piperazinyl, 
2-oxopq)erazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 2-oxoazepinyl, 
azepinyl, pyrrolyl, 4.piperidanyl, pyrroliciinyl, pyrazolyl. 
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pyiazotidinyl, imidazolyl, imidazolinyl, imidazolidinyl, pyridyl, 
pyrarinyl, pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, 
isoxazolidinyl, moipholinyl, tfaiazolyl, thiazolidinyl, isothiazolyl, 
quinuclidinyl, isothiazolidinyl, indolyl, quinolinyl, isoquinolinyl, 

5 benzimidazolyl, tiiiadiazoyl, benzopyrany], benzotfaiazolyl, 

braizoxazolyl, faryl, tBtrahydrofuryl, tetrahydropyranyl, thienyl, 
benzodiienyl, tfaiamoipholinyl, fhiamoipholinyl sulfoxide, 
thiamoipholinyl suifone, and oxadiazolyl. Morpholino is the same as 
morpholinyl. Preferred heterocycles arc piperidinyl, 2- 

10 oxopyrrolodinyl, pynolyl, pyrazolyl, imidazolyl, pyridyl, pyrazinyl, 
pyrimidinyl, pyridazinyl, oxazolyl, isoxazolyl, morpholinyl, thiazolyl, 
isoAiazolyl, quinuclidinyl, indolyl, quinolinyl, isoquinolinyl, 
benzimidaz o lyl, diiadiazoyl, benzothiazolyl, benzoxazolyl, furyl, 
tetrahydrofiuyl, fliienyl, and bCTzofliienyl. 

15 As used herein, "hetefoaryl" represents a stable 5- to 7- 

membered monocyclic unsaturated heterocyclic ring, vMcii consists of 
carbon atoms and from one to three heteroatoms selected from the 
group consisting of N, O.and S, and wherein fbt nitrogen and suliur 
heteroatoms may optionally be oxidized, and the nitrogen heteroat^nn 

20 may optionally be quatemized. 



follows: 



25 



30 



Further ablneviations that may appear herem are defined as 



EKX 

Die 

DEAD 

DMAP 

DMF 

DMSO 

EtOAc 

Ph3P 

m^p (or mp) 
THF 

m.w. (or mw) 



NJ<r-dicyclohexylcarbodimiide 
1 ,3-diisopropylcaifoodiimide 
diethyl azodicaiboxylate 
4-dimethylaminopyridine 
N, N-dimethylfonnamide 
dimethyl sulfoxide 
e Ayl acetate 
triphenylphosphine 
melting point 
tetrahydrofuran 
molecular weight 
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The compounds of the present invention arc made by 
mediods known to &ose skilled in the art, and arc described as follows 
and in schemes M. 
5 Hie compounds of this invention are generally made from 

a steroid alcohol starting material, represented by formula (i) 



Y 



10 




15 wherein & and h ^ both single bonds and R2 is hydrogen, or a is a 
double bond, h is a single bond and R2 is hydrogen, or a is a single 
bond, b is a double bond and R2 is absait; R3 is -H, mediyl or ethyl; Y 
is -OH or -(CHRl)n-OIt Rl is -H, aryl, or Cl-3 alkyl unsubstituted or 
substituted with aryl; and n is 1-10. Methods of making starting 

20 alcohols of formula Q) are well know to those skilled in the art, and are 
described, for example, in the following publications: Rasmusson, 
G JI., et al^ L Med, Chem., 22, 2298-2315 (1986); Rasmusson, G JI., et 
al., J. Med. Qiem^ 21 1690-1701 (1984). 

Furthemiore, the starting 4-azasteroid-20-alcohols of 

25 formula (i) may be made by several methods well known to diose 
^Iled in the art For «canq>le, 4-azast»oids containing a 17-carbonyl 
groiq> (e.g. (^dKixaldehyde) may be reacted with the appropriate 
organo-metallic reagent to yield the corresponding secondary alcohol, 
winie reduction yields the primary alcohoL Also, an appropriate 17- 

3Q ketone may be reduced (e.g. with sodium borohydride) to the desired 
alcohoL The above rnmtioned ketones may be made by several methods 
well known in the art; one particularly useful method is that of A. 
Bhattachaiya et aL, Synthetic Communicatioris 20 (17), 2683-2690 
(1990), in which an activated caibonyl conq)ound is reacted wifli a 
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10 



15 



20 



25 



suitable Gngnard reagent to give the desired ketone. Other activated 
carbonyl compounds (e.g. pyridine thioesters) may also be used. 
These alcohol functions may be constructed both before and after die 
fomiation of the 4-aza moiety. 

For puiposes of iDustration, schemes 1-4 below employ 
specific steroid alcohol starting materials such as 17-hydroxymettiyl-4- 
methyl-5a-4.a2aandrostan.3^ne (compound (ii) below) or 17- 
hydn>xy-4.mediyl.5a-4.azaandrostan-3-one (compound (v) below) as 
the startmg alcohol. However, the present invention and the synthetic 
methods described herein are not limited by the use of any particular 
compomids in any of the schemes or syntfietic descriptions presented 
below, except where otherwise noted, but latiier tiie schemes and 
s^ftehc descriptions are presented for illustrative pmposes to those 
daUed m the art. A person skiUed in the ait would be able to choose 
the appropriate alcohol startmg material to use in the foUowing general 
synthetic route descriptions to arrive at a target product within the 
scope of generic formula L 

As depicted in Scheme 1 below, thioelhers (iv) can 
generally be made by forming the mesylate (iii) of alcohol (ii) by 
co^on methods known in the art. e.g. using meflianesulfonyl chloride 
in CH2C12 with pyndme. and then treating the mesylate with M+S-R4 
wherem M+ is a metal ion. e.g. Na+ or K+. and R4 is as defmed in 
formula I. The M+S-R4 ^agents are either commercially available, 
such as sodrmn flnoetfioxide or potassium thiophenoxide. or can be 
gaieratedby metiiods weU known in the art. e.g.. as described in Lto 
QiSBL^p 1181 (1975) or L£hsn^., p 3127 (1928) 



30 
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SCHEMEl 




As depicted in Seheme 2, below, the starting alcohol (v) can 
be treated with a diazo-reagent (yi) using techniques well known in the 
art, e.g. using boron trifluoride etherate or Rh2(OAc)4, to obtain etheis 
offbmnila(yii). Diazo-reagents, such as diazomethane, diphenyl- 
diazomethane, ben^l diazoacetate. etc., are g»ieiated by methods well 
know in Hie art, such as by flie methods described in the fbUowmg 
publications: BiMsh Patent 1433381; British Patent 1,459,285; I. 
q^pn, gop., P^kms I, p. 2030 (1975); Organic Synthesis CoUecdve 
YoL III, p. 351 (1955); J. Onr. Qiem. p. 560 (1959). 

When Ra is -H and Rb is -COOC2H5 in compound (vii), 
hydrolysis of the ester with base followed by treatment with add 
produces compound (viii). The add (viii) can be coupled with an 
amine,. e.g. an aiylamin&^udi as aniline, 4-t-butyI aniline, or p-amiho- 
acetophenone, by common amide coiq>]ing procedures well known in 
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the art, e.g., using the caiiwdiimide mefliod wifli reagents such as DCC 
or Die in the presence of DMAP, to fonn an amide exemplified by (x). 
When DCC is used, tiie sideproduct (xi) can be fomed as well; when 
Die is used, a sideproduct similar to (xi) can be fonned except instead 
of a cyclohexyl urea moiety, it contains an isopropyl urea moiety. 
Treatment of (viii) with a diazo reagent, such as diphenyl diazomethane, 
and Rh2(Ac)4 under conditions well known in flie art leads to fonnation 
of compounds exraipliiied by (ix). 

The 5a-4-azandrostan-3-on-17-yloxyacetic acid and ethyl 
5a-4-azaandrostan-3-on-17fi-yloxy-acetate analogs can be prepared 
according to general scheme 2 but are more preferably prepared 
according to the routes described in Examples 17 and 21 herein. 



SCHEME 2 



15 



OH 



20 



O^ 




CHa 



(vi) 




OCHR^R" 



CHa 



25 



Ra = Rb = .H: 

Ra = Rb = .ph;or 

Ra = H and Rb = <:OOC2H5 or 

C00CH2Ph. 



30 
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SCHEME 2. f CONTINUED^ 



(Jrti) OC 

Where R«is-H pf\ 
andR^is-COOCgHs 2- H+ jx^x'NjX'^^ 



OCH2COOH 



I (viiO 
CH3 



10 



15 



20 



25 



30 




OCHsCOOCHR^R" 




Aryl-NHa/DCC/DMAP 



OCHaCONH-Aryl 




O 
it 



OCHgCON-C-NH 



I I 
Cyh Cyh 



Amide pompoimds of fonnula (x) can also be made by 
alternative metbods well known in tbe art, e.g., by reacting (vii) 
wherein Ra is -H and Rb is -COOC2H5 directly witfi an misubstituted or 
sobstituted aiyI-NH2 compound (allcyl amine could likewise be used) 
and heating the reactirai, e.g., to about HOT - 180°C (see Example 25). 
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Another method, e.g., is to form a mixed anhydride of acid (viii) and 
react it with the desired primary amine to obtain compomids of foraiula 
(x) (see Example 26). 

As depicted in Scheme 3, below, the starting alcohol (v) can 
5 be treated with a strong base, such as KH, NaH or KOH, in an 

appropriate solvent such as DMF or DMSO, followed by treatment with 
an alkyl- or alkenyl-hafide (xii-a), such as hexyl iodide or allyl hiomide 
for example, to fomi the coiresponding alkyl- or alkenyl-ether product 
(xiii-a). Use of KOH in DMSO and KH in DMF are preferred. 

10 

SCHEMR^ 

OALK 




Also as depicted in Scheme 3, aiyl ether and heteroaiyl 
ether products (xiii-b) can be prepared by treating the steroid alcohol 
starting material with a fluoroaryl or fluoroheteroaiyl compound (xii- 
b), such as p-nitrofluorobenzene, p-cyanofluorobenzene or 3- 
fluoropyridine for example, and KH, NaH or KOH in an appropriate 
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solvent such as DMF or DMSO, with KH/DMF and KOH/DMSO being 
preferred. 

Alternatively, aryl ether and heteroaiyl e&er products of 
formula (xiii-b) can be prepared by treating fee steroid alcohol starting 
material with an unsubstituted or substituted hydroxy aiyl or hydroxy 
heteroaiyl con^jound sudi as phenol or 4-hydroxyb5)henyl for 
example, and triphenylphosphine and diethyl azodicarix)xylate (DEAD). 
With diis method, tiie ether product will have stereochemistry at the 17- 
position that is flie opposite of Ae starting alcohol when Y is -OH in 
formula (i). For example, using this procedure, 4-methyl-17a- 
phenoxy- 5a-4-a2aandrostan-3-one is die product of 1 7B- hydroxy-4- 
mefliyl-5a-4-a2aandrostan-3-one and phenol. 

Heteroaryl ether products can be reduced by methods well 
known in the art, e,g^ by hydrogmation m an appropriate solvent such 
as MeOH, in the presence of a catalyst such as palladium or platmum on 
carbon, to obtain compounds of formula I \^erein R4 is a saturated 
heterocycle. 

As depicted in Scheme 4 below, compounds of formula 
(xvii) can be prepared by treating the amino hydrochloride derivative 
(xv) with the s^ropriate anhydride reag^t using methods well known 
to those skilled in tfie art "Rd" in Schraie 4 can be heterocycle, "A" as 
defined in fiie generic descrq)tion of confounds of formula I, or 
-(CH2)q-C0-Q, wherem the variables "q" and "Q" are as defined in the 
graeric description of compounds of formula L Alternatively, 
conqK>unds of formula (xvii) 

■Mdiere Rd is -(CH2)q-<X)-Q can be made by treating (xv) 

with an anhydride of formula (Cf^^^^X) and base, 

such as pyridine, to make intermediate compounds of formula (xvii) 
where Rd is -(OEOq -COOH, and then makmg amides and esters from 
flie intermediate acid Compound (xv) is prepared by reduction of the 
nitro group of compound (xiv) wherein Rc is -N02, by common 
techniques well known in flie art, e.g., hydrogenation in the presrace of 
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a catalyst such as Pt02, and treatment with an acid such as HCI. 
Compound (xiv) wherein Rc is -N02 can be prepared by methods 
decnbed above for making aiyl ethers. 

Also as depicted in scheme 4, below, fee cyano group of 
5 compound (xiv), wherein Rc is -CN, can be hydrolyzed by methods well 
known in the art, e.g., by treatment with H2O2 and base such as NaOH, 
to provide compound (xvi). The primary amide of (xvi) can be 
alkylated by methods well known in the ait, such as with methyl iodide, 
for example, to make the secondary or tertiary amide derivatives. 



30 
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NaOH T 

NHCOR" 




I (xvll) 
CH3 



By using metiiods well known to those skilled in ^ art, tiie 
30 diazonium salt of con^Knmd (xv) can be made by treatment of (xv) with 
HNO2 or an alkyl nitrite. The resulting diazonium salt can .be used as 
an intennediate in a variety of reactions to replace the diazonium 
moiety to make other substituted aiyl ether d^vatives. For example, 
&e diazonium salt moiety can be replaced with a halo, -CN, -OH or 
aDco^ group by common methods well known to those skilled in the 
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art. Or the diazonium moeity can be replaced with hydrogen to yield 
the unsubstituted aryl ether derivative. 

Another preferred emtodiment of this invention is a series 
of compounds characterized in having ether moieties at the 17 position, 
5 and which can synthesized according to Scheme 5: 

SCHEMES 



10 



15 



20 



25 




30 Altematively, the ethers of this invention may be obtained 

by first preparing the desired ether and thioether groups at the desired 
position in the appropriate non-aza steroid followed by ring opening of 
the A-ring and subsequent closure to the desired 4-azasteroid. For 
example, a 20-aIkoxy-substituted pregn-4*en"3:one may be oxidized 
with pemianganate-periodate to the corresponding seco*acid which is 
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then reacted witfi an appropriate amine to give, after reduction of the 
first obtained 4-aza-5-enesteroid, tlie desiied 20-ether-substituted-5a-4- 
azapregnan-3-one. 

Accordingly, the present invention is particularly 

5 concerned wifli providing a method of treating die hyperandrogenic 
conditions of androg^c alopecia, acne vulgaris, seboniiea, and female 
hirsutism, b^gn prostatic hypexplasia, prostatitis, the prevention 
and/or treatment of prostatic carcinoma, by oral, parenteral or topical 
administration, of die novel compomids of the present invention. 

10 The preset invention is thus also concerned with provicfing 

suitable topical, oral and parenteral pharmaceutical formulations for use 
in die novel methods of treatment of the present invention. 

The compositions containing the compounds of die present 
invention as die active ingredimt for use in die treatment of e.g., benign 

15 prostatic hypertrophy, prostatitis, and prostatic carcinoma, and 

hyperandrogenic conditions, can be administered in a wide variety of 
therapeutic dosage fomis in conventional vehicles for systemic 
administration, as, for exan^le, by oral administration in the form of 
^lets, c^sules, solutions, or suspensions, of by injec^on. Hie daily 

20 dosage of the products may be varied over a wide range varying from 
0^ to 1,000 mg x>er adult hmxw/pei day. Tb& compositions are 
preferably provided in die form of scored tablets containing 0.5, LO, 
2^, 5.0, 10.0, 15,0, 25.0, and 50.0 milligrams of die active ingredient 
for die symptomatic adjustment of the dosage to the patient to be 

25 treated An effective amount of the dmg is ordinarily supplied at a 
dosage level of fiom about 0.002 mg. to atout 50 mgjkg. of body 
weiglit per day. Pref^bly the range is from about 0.01 mg. to 7 
mg./kp. of body weight per day. These dosages are well below the 
toxic dose of the product. Cs^sules contaming die product of diis 

3 0 invention can be prepared by mixing an active compound of the present 
inA^ntion with lactose and magnesium stearate, calcium stearate, starch, 
talc, or other carriers, and placing the nuxture in gelatin capsule. 
Tablets may be prepared by mixing the active ingredient widi 
convrational tableting ingredients such as calduim phosphate, lactose. 
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com starch or magnesium stearate. The hquid fomis in suitably 
flavored suspending or dispersing agents such as the synthetic and 
naniral gums, for example, tragacanth, acacia, methylcellulose and the 
like. Oflier dispersing agents which may be employed include glycerin 
and the like. For parenteral administration, sterile suspensions and 
solutions are desired. Isotonic preparations which generally contam 
suitable preservative are employed when intravenous administration is 
desired. 

For the treatment of androgenic alopecia, acne vulgaris, 
seborAea, female hirsutism, the compounds of the present invention are 
administered in a pharmaceutical composition conq)rising the active 
compound in combination with a phannacclogically acceptable canier 
adapted for topical administration. Parenteral or oral administration 
are also appUcable. TTiese topical pharmaceutical conqwsitians may be 
in the form of a cream, ointment, gel or aerosol formulation adapted 
for application to the skin. These topical pharmaceutical compositions 
containing the compounds of the present invention oniinarily include 
about 0.1% to 15%, preferably about 5%, of the active compound, in 
admixmre with about 95% of vehicle. 

The following examples are illustrative of representative 
embodiments of this invention and should not be construed to be Umits 
on the scope or spirit of the instant invration. 

The Rf values cited were carried out on standard tiun layer 
diromatography (JLC or Uc) Si gel plates, wifli the elution solvent 
syst^ used as indicated in each Exanqile. 

The fast atom bombardment (FAB) and electron impact 
(EI) mass spectral (MS) values are reported as molecular ion peaks and 
arc indicated as either M+, MH+ or MH++, being the molecular weight 
(mw), the molecular weight plus one atomic mass unit, or the molecular 
weight plus two atomic mass units. 

The iH nuclear magnetic resonance (NMR) data was taken 
at 200 or 400 MHz and is tabulated for unique proton values of each 
compound at the end of the Examples. 
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EXAMPLE 1 

Preparation of 17-(diphenyImethoxymethyl>4-methyl-5-a-4- 
azaandrostan'3-one ^ 

5 To a solution of 17-hydroxymethyl-4-methyl-5-<x-4- 

a2aandrostan-3K)ne (0.096 g, 03 mM) and dq)henyldiazomethane (0.25 

1.28 mM) in anhydrous methylene chloride (8 mL) at ice-bath 
temperatures was added boron trifluoride etherate (0.05 mL) dropwise 
over fliree minutes. The mixture was allowed to stir cold for an 

10 additional 25 minutes and thai at ambient temperatures for 2 hours. 
The mixture was transferred to a separatory funnel witii metfaylrae 
chloride, washed with water, dried, and the methylene chloride 
removed m vacuo . Flash chromatogr^hy (silica gel, efliyl acetate as 
eluant) of the residue thus obtained yielded the title compound as a 

15 >^*ite waxy solid, ^fass Spec ^S)M+ calculated for C33H43NO2, 
mw=485.71; observed m/e 485. 

20 Pr^aration of 17-(carboetfioxymethoxymethyl>4-metiiyl-5a-4- 
azaandrostan-3-one ' . 

^nploying substantially the same procedure as described in 
Example 1, but substituting ethyl diazdacetate for the diphenyl^^ 
metiiane used therein, tiie title compound was obtained. MS M+ 
25 calculated for C24H39NO4, mw=405 J8; observed m/e 405. 

EXAMPLES 

Prq>aration of 17-(carbobenzyloxymethoxymetiiyl>4-methyl-5a-4- 
30 azaagdrostan>3>one 

Eooploying substantially the same procedure as described in 
Example 1, but substituting benzyl diazoacetate for the diphenyldia- 
ZQmetiiane used therein, the tide compound was obtained. MS MH+ 
calculated for C29H41NO4, mw^67.66; observed n</e 468. 
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EXAMPLE 4 

Preparation of a) 20-(methoxymethyl)-4-metfiyl-5a-4-az^regnan-3- 

5 one and 20-(methox v)-4-methv1 5«-4-a7.apregnaii-3-one 

Employing substantially flie same procedure as described in 
Example 1, but substituting 20-(liydroxymethyl)-4-metfiyI-5-a-4- 
azapregnan-3-one and diazomethane in place of the corresponding 
steroid alcohol and diazo compound used in Example 1, title conq)ound 
10 (a) was obtained as a white solid. MS M+ calculated for C23H39NO2. 
mw=361.57; observed m/e 361. 

Employing substantially the same procedure as described in 
Example 1, but substituting 20-hydroxy-4-methyi-5a-4-azaprcgnan-3- 
one and diazomethane for die steroid alcohol and diazo confound used 
15 therein, title compound (b) was obtained. MS M+ calculated for 
C22H37NO2, mws347.54; observed m/e 347. 

EXAMPLE 5 

^° Preparation of l7-methoxvmetfivl-4-met hvl-Sa-4-ay^androstan-'^-onp. 

Employing substantially tiie same procedure as described in 
Example 4, but substituting 17-hydroxymethyl-5-a-4-azaandrostan-3- 
one for the steriod used dierein, the title compound was obtained. MS 
M+ calculated for C21H35NO2, mw=333 J3; observed m/e 333. 

25 

EXAMPLE 6 

Preparation of 17-fethvlthiomethvlV4-methv1.5nt-^ .a7aafirimgti.n.3,^P >> 
The mesylate of 17-hydroxymethyl-4-mediyl-5-a-4- 
30 azaandrostan-3-one (prq)ared from the alcohol and methanesulfonyl 
chloride in methylene chloride with pyridine at room temperature) 
(0.05 g, 0.125 mM) was heated with sodium thioelfaoxide (0.121 g, 1.44 
mM) in anhydrous 1,2-dimethoxyetfaane in a nitrogen atmosphere for 
73 hours. Hie solvent was i^noved jn vacuo, the residue taken up in 
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metfiylene chloride, washed (water) and dried. Ihe residue obtained 
upon concentration of the methylene chloride was flash 
chromatographed (silica gel> ethyl acetate as eluant) to yield the title 
compound as a white waxy sofid. MS MH+ calculated for C22H37NOS, 
5 mw=363.60; observed m/e 364, 

EXAMPLE? 

Preparation of 17-carboxymethoxymethyl-4-metiiyl-5-a-4- 

10 azaandrQstan-3-one , . 

The title compound was obtained by hydrolysis of 17- 
(caiboetfaoxymethoxymethyl)-4-methyI-5-a--4-azaandrostan-3-one 
using an aqueous-methanolic solution of NaOR The title compound 
was also obtained by reduction of 17-(caibobenzyloxy-metfioxymetfiyl)- 
15 4-methyl-5-<x-4-azaandrostan-3-one witfi hydrogen using palladium on 
caibon catalyst MS MH+ calculated for C:^35N04,mw=377; 
observed m/e 378* 

20 Preparation of 

a) 20-(diphenylmethoxy)-4-methyl-5a-4- 
azs^regnan-3-one, and 

b) 2(K*phenytaiethoxymefliyl>4-nietiiyl-5a-4- 
a2appegnan>3>one 

25 The following compounds of formula 2 were made 

according to substantially die same procedure as described in Example 
I, but substituting the 4-az^regnan-3-one startmg material indicated 
below, for the n-hydroxym^yl-4-methyl-5a-4-araandrostan-3-one 
nsed&^in: 

30 

a) 20-hydroxy-4-meftyI-5a-4-a2apregnan-3-one; 
MS M+ calculated for C34H45NO2, mw^99.72; 
observed m/e 499; and 

b) 20-hydroxymethyl-4-methyI-5a-4-a2apregnan- 
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3-one; MS M+ calculated for C35H47NO2, 
mw=:5 13.76; observed m/e 513. 



EXAMPLE 9 

5 

Preparation of 

a) 20-(ethyltfiiomethyl)-4-metiiyl-5a-4-azapregnan-3-one, 

b) 20-Cisopropylthiometfayl)-4-methyl-5a-4-methyl-5a-4- 
azapregnan-3-Qne, and 

^° c> 1 7a-thioDhenoxv-4-niet favl.5a-4-a7aandrostan-3.nTie 

Employing substantiaUy &e same procedure as described in 
Example 6, but substituting fee 4-azaandrostan-3-one and Aioethoxide 
starting materials used dierein wifli the starting materials indicated 
below, the title compounds were obtained, excqpt that to prepare title 

15 compound (c), DMF was used instead of CH2a2. and the reaction was 
heated for 3 hours to 170-173*C: 

a) 20-hydr6xymethylr4-methyl-5a-4-azapregnan-3-one 
and Na+SG2H5-; MS MH-H- calculated for C24H41NOS, 
mwi^391,66;JpjjseR^^^^ 

b) 20-hydrox>m^^yl#<^methyl^a^ 

oiw?$5d;^iS^^ 

25 K+SC6H5-. .M.p. 187^189*C. 

EXAMPLE in 

Preparation of 176-(4-nitrophenoxy)-4-methyl-5a-4-a2aandrostan-3- 
30 fine 

To a stirred solution of 17B-hydroxy-4-mefliyl-5a-4- 
azaandrostan-3-one (L07 g, 3.5 mmole) and p-nitrofhiorobenzene (2.0 
ml, 18 mmole) in DMF (15 ml) under N2 was added 95% NaH (180 
mg, 7 mmole) in two portions during 10 mins. The mixture was stirred 
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for 3 hours at room temperature and poured onto ice (50 g) and water 
(50 ml). The mixture was extracted wifli CH2Ci2 (30 ml x 2). The 
organic layer was washed with brine and dried 0*Ja2SO4), Removal of 
solvent gave the cmde product which was purified via a flash siUca gel 
5 colunm eluting with 1:1 ethyl acetate - CH2CI2 to give the desired title 
product 1^. 183-184X (reciystallized from CH2Cl2-hexane). 

EXAMP^ n 

10 &nploying substantiaDy the same procedure as described in 

Example 10 using 17B-hydroxy-4-methyl-5a-4-azaandrostan-3-one, 
compound 7 below, but substituting compound 8 for the p* 
nitrofluorobenzene used therein, and running the reaction at the 
temperature indicated, products of fomiula 9 were made, as defined in 

15 11a -lie: 



20 




30 
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20 



-33 



Ar temp. (°C) 



11a)— ^)-CN m.p.=224-225°C 
1 1 b) •— ^^-NOg "^^'^^ "^^^ 




11c) — (f )) — (f )) 70-75 mass spec. (El) 457 



lld)--^ \) ^^^^ 




m.p. 172-174°C 



^ ®) SC)/~GH2=CH2 70-75 mass spec. (FAB) 408 



The following products of fonnula 9, as defined in I If - 
1 Ih, were made using substantially the same procedure as described 
above, except that in place of NaH/DMF, for llf KOH/DMF was used, 
and for 1 Ig - 1 Ih KOH/DMSO was used and the reactions were stirred 
for about 20 hours at 70-80°C instead of for 3 hours at room 
25 temperature: 



30 
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10 



Ar 



1 1Q — (( ))— Br mass spec. (FAB) 460 




1 1 g) — (f j>— CI mass spea (FAB) 41 6 




11h) — (f ))— CH3 m.p. 176-179*'C 



EXAMPLE 12 

15 Preparation of 17B-(4-ainmopheooxy)-4-mediyl-5a-4-azaandrostan-3- 

one hydrochloride : 

176-(4-nitrophenoxy)-4-mettiyl-5a-4-azaandrostan-3-one 
(938 mg, 2.2 mmole) m MeOH (70 ml) was hydrogenated at 40 psi in 
the presence of Pt02 (400 mg) for 90 mins. To tfie resulting mixture 

20 was added 5% cone. HQ in ai^olute e&anol (4 ml) und^ N2, and then 
Ae mixture was filtered through a pad of celite. The filtrate was 
concentrated, vacuum dried» and tfien triturated witii CH2Cl2-hexane to 
give the title product mp. 307-310X. 

25 EXAMPLE 13 

Prq>aration of 178-(4-acetamidophenoxy)-4-methyl-5a-4- 

To 176-(4-aminophenoxy)-4-mefliyl-5a--4-azaandrostan-3- 
30 one l^drochloride (7mg) in CH2CI2 (100 ^1) was added acetic 

aiiiydride (30 ftl) followed by adding pyridine (50 111). The mixture 
was stirred at room temp^ature for 1 hr and ttien concratrated to 
dryness. Ihe residue was purified via a silica gel plate developed with 
5% MeOH - EtOAc (^f = 03) to give the title product, mp. 340°C. 



wo 93/2304( 



PCr/US93/04746 



- 35 - 
EXAMPLE 14 

Preparation of 176-(4-caiboxamidophenoxy)-4-methyl-5a-4- 
a2aandrostan-3-one 

5 To a solution of 176-(4-cyanophenoxy)-4-methyl-5a-4- 

azaandrostan-3-one (102 mg, 0.25 mmole) in absolute ethanol (0.80 ml) 
and THF (0.40 ml) was added 30% H2O2 (0.20 ml) and then 5N NaOH 
(0.12 ml) dropwise. The resulting mixture was stined at 48-50'*C for 5 
hr. and concentrated to a residue. The residue was taken up in 

10 methylene chloride and purified via preparative silica gel plate (Rf = 
0.3; 10% MeOH - EtOAc) to yield the titie compound, mp 313-315X. 

EXAMPLE W 

15 Preparation of 

a) 17B-phenoxy-4-methyI-5a-^azaandrostan-3-one, 

b) 17a-phenoxy-4-mettiyI-5a-4-azaandrostan-3- 
pneand 

P) 1 7ffi-f4-t)iphenyloxv)-4>methvl-5a-^.aT aandrostan.3-nnft 
2° To a mixture of 17B-(4-aminophenoxy)-4-methyl-5a-4- 

azaandrostan-3-one hydrochloride (49 mg) in cone. H2S04-95% EtOH 
(80 ml, 1:4 v/v) at 5-10°C was added 95% EtOH (0.75 ml) and ice (025 
g) wifli stirring. To fliis suspension at 5°C was added a solution of 
NaN02 (12.5 mg) in H2O (21^1 over 10 nun. After stinmg at 5°C 
25 for 1 hr, additional 95% EtOH (1.0 ml) was added and the reaction 
stirred at 5°C for 20 min to increase the solubility and the diazotization 
process. To this mixture was added ether washed copper bronze (5 mg) 
and the mixture was heated at reflux for 5 min. The mixture was then 
purified on a silica gel plate developed with EtOAc (Rf = 0.25, EtOAc) 
30 to yield the title product (a). m.p. 169.5-17PC. 

The title product (b) was prepared by combining 176- 
hydroxy-4-methyl-5a-4-azaandrostan-3-one (61 mg., 0.20 mmol), 
phenol (57.4 mg, 0.60 mmol), PhsP (68 mg, 0.26 mmol), and DEAD 
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(43 ill, 0.26 mmol) in dry THF (1.0 ml) in a test tube under N2, and 
heating tbe mixture to 80°C. After 2 hours, TLC showed that about 
3-5% starting material rranained in the reaction mixture. Hie mixture 
was purified via preparative TLC in a silica gel plate (1500 ji) 

5 developed wifli 4% MeOH/CH2Cl2 first and then after drying, with 
33% MeOH/CH2a2, to obtain the crude product (b). The crade 
mat^ial was re-purified via preparative TLC, eadi on a separate silica 
gel plate (1000 ^) developed with EtOAc. The product was obtained 
fix)m botii plates, and triturated with 5% CH2Cl2/hexane to yield the 

10 title compound (b). 

The title product (c) was prepared using essentially die 
same procedure as described for making title product (b), except 
substituting 4-hydroxybq)hen]d for the phenol used therein. 
Rf = 0.3, EtOAc; m.p. 219-222''C. 

15 

EXAMPLE 16 

Preparation of 17B-hexloxv-4-methvl-5«-4-azaandrosfafi.^^e 
Tb a solution of 176^hydroxy-4-methyl-5a-4- 

20 azaandrostan-3-one (102 mg, 0336 mmol) io DMSO (3 ml) was added 
powdered KOH (300 mg) followed by n-hexyliodide (400 ill). After 
stining the reaction mixture overnight, the reac^on was diluted wititi 
wate^ and extracted witii ethyl acetate. The organic layer was washed 
widi water, ibssi brine, then dried 0VIgSO4), and conc^trated m vacuo. 

25 Hie residue was fbai piuified by preparative thm layer chramatogn^hy 
to afford die title compound, dharactoized by Hi NMR. 

Enqiloying substantially die same procedure using 
KOH/DMSO as described above, but substitutmg confounds 10 and 1 1 , 
below, for the steroid and die n-hexyl iodide, respectively, used dierein, 

30 die following products of formula 12 were made, as defined in 16a- 
16f: 
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5 






Halo 


AIK 




E2 


16a) 


-I 


<CH2)3 CH(CH3)2 


Single bond 


-H 


16b) 


-I 


-(CH2)10CH3 


Single bond 


-H 


16c) 


-I 


-CH2CH2CH3 


Single bond 


-H 


16d) 


-Br 


-CH2CH=CH2 


Single bond 


-H 


16e) 


-Br 


-CH2CHaCH2 


double bond 


absmt 


16f) 


-I 


-(CH2)5CH3 


double bond 


absent 



EXAMPLE 17 

20 Preparation nf 5rt-4-a7aaTi drostan-3-on-17B-vloxvacetic acid 

Step A : Pieoaration of testosterone-seco-acid eflivl ester 

Testosterone-seco-acid (24.0 g) and toluene-sulfonic acid 
monohydrate (0.5 g) in absolute etfaanol were refluxed for 3 hours. 
25 Removal of solvit gave the crude ethyl ester which was used in Step B 
without purification. 

StepB : Preparation of diethyl ester of testosterone-seco-acid-17fi- 
vloxvacetic acid 
30 To the ethyl ester (1 9 g, from Step A) in methylene 

chloride (200 ml) was added over a 5 hour period a solution of ethyl 
diazoacetate (7.6 ml) in mediyloie chloride (40 ml), and sohd rhodium 
diacetate dimer (40 mg) was added in 10 portions during 5 hours, which 
resulted in ca. 50% conversion to the desired product The mixture was 
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concentrated to a residue which was purified by two silica gel flash 
column chromatography to give the liquid title compound. 

StepC: Preparation of testosterone-seco-add-17B-vlnyyacetic acid 
5 To the diethyl ester (10.0 g, from Step B) in methanol (21 0 

mi) and THF (210 ml) was added 5N NaOH (50 ml) dropwise during 30 
min. This mixture was stined for another 15 minutes and filtned. the 
filtrate was concentrated, and extracted with metfaylrae chloride to 
ranove non-acid impurities. The aqueous solution was acidified with 
10 6N HCl to pH 2 and extracted with CH2C12. The organic layer was 
dried (Na2S04) and conc^itrated to give the title diadd. 

StepD: Preparation of 4-azaandrDst-5-en-3-on-17fi-yIoxyacetic 
acid ^ 

15 Hie diacid (6.0 g, from Step Q in glacial acetic add (52 

ml) and methylene chloride (16 ml) was charged wifli ammonium 
acetate (6.4 g). Hie mixture was heated at 122-125'*C for 3 hour^ and 
distilled off 17 ml of distillate. Tte reaction sohition was stined at 
80°C while adding deionized (DI) water (70 ml) dropwise during 30 

20 min. The mixture was stirred at 60-70°C for 15 minutes, at room 
temperature for 15 min, and at 0°C for 30 minutes. The solid product 
was collected and dried. 

3fepE: Preparation of 5a-4-azaandrostan-3-on-17fi-yloxyacetic 
2^ ac«<* • ■ 

The unsaturated add (3.2 g, from Step D) in gladal acetic 
acid (200 ml) and platinum oxide (1 .0 g) was hydrogenated at 60**C 
under 40 psi for 24 hours. The mixture was filtered through a pad of 
celite, and flie filtrate concentrated to dryness. The residue was 

30 leaystallized from 5% MeOH in mediyiaie chloride to yield the title 
add. 
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EX AMPLE 18 



Preparation of 

a) 5a-4-azaandrostan-3-on-17B-yloxy-N-(4- 
5 acetylpbenyl)acetamide, 

b) 17B-methyIeneoxy-[N-cyclohexyI-N-(N-cyclohex- 
ylcaibamoyl)cait>amoyl]-5a-4-azaandrostan-3- 
one, and 

c) 5a-4-azaandrostan-3-on- 176-yIoxy-N-phenyI- 

10 acetamide 

To a mixture of 5a-4-azaandrostan-3-on-17fi-yloxy acetic 
acid (280 mg) and 4-aminoacetophenone (200 mg) in meAylene 
chloride (50 ml) was added DCC (500 mg) and DMAP (40 mg). The 
mixture was stirred at ambient temperature for 3 hours, and filtered. 
15 The filtrate was concentrated to a residue which was purified via 

preparative diin layer chromatography (TLC) on three silica gel plates 
(1000 ji) developed with 5.5% MeOH in EtOAc twice to give the title 
acetamide (a) (Rf=0.33; mp. 252-254°C) and the title caibamate (b) 
(Rf=0Jl). 

20 Employing substantially the same procedure, but 

substituting aniline for the 4-aminoacetophenone, the title acetamide (c) 
(m.p. 263-265'*Q and the title caibamate (b) were obtained. 



EXAMPLE 19 

25 

Piq)aration of a) 5a-4-azaandrostan-3-on-17fi-yloxy-N-(4-t- 
butylphmyOacetamide and b) 17B-mediyleneoxy-[N-isopropyl-N-(N- 
isoDropvlcarbamovncarfaamovll-5 a-4-a2aandrostan-3-one 

To a mixture of 5a-4-azaandrostan-3-on-17fi-yIoxy acetic 
30 acid (90 mg) and 4-t-butylaniline (80 mg) in DMF (3 ml) and methylene 
chloride (3 ml) was added DIG (100 mg) and DMAP (15 mg). The 
mixture was stirred at room temperature for 18 hours, and poured onto 
ice-water. The mixture was extracted with methylene chloride and 
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dried (Na2S04). Removal of solvent gave the crude products v*^ch 
were purified via preparative TLC on tfiree silica gel plates 
(1000 m) developed with 2-5% MeOH in CH2CI2 about 5 times to give 
the title amide (a) Qiigher Rf; inp 266-268°Q and die carbamate (b) 
5 (lower Rf; mp 133-137°C). 

EXAMPLE 20 

Ptepaifation of 5a-4-azaandiDStan-3-on-17B-yIoxy-N-[4-l '(RS> 
10 hvdroxvethvlphenvllacef amide 

To5a-4-azaandrostan-3-on-176-ylDxy-N-(4-acety^henyl)- 
acetamide (20 mg) in mellianol (5 ml) at 10~1S°C was added NaBH4 (18 
m^ in portions during 10 minutes. The mixture was stined in die cold 
for 60 mimites and purified using two silica gel plates (1 000 ^) 
15 developed wife 9% MeOH in CH2CI2 to give the tide conq)ound 
(RH).41; mp 28I-283''C). 

EXAMPLE 21 

2° Preparation of ethvl 5a-4-a2gandrostan- 3-on-17B-vlQTv-acetate 

SI^lA: Prepaiatibn of 4-N-benzoyl-17B-t-bnty]- 
dimetbv1silvloxv-4-azaandrost-5-en-3-nne 
To 17fi-t-bntyl(£metiiylsilyIoxy-4-azaaiidrost-S-en-3-one (2 
25 g) iu pyiidme (5 ml) at 5-10°C was added braizoyl diloiide (2 ml) in 
CH2CI2 (10 ml) dropwise. After tiie addition* fee mixture was stined 
at 60°C for 3 hours and poured onto ice-water. The mixture was 
extracted wife mefeylene chloride, and dried (Na2S04). Removal of 
solvent ^ve fee cmide product which was leciystalfized fiom CH2CI2- 
30 hexane to afford fee title product. 



Stq)B : Prq>aration of 4-N-benzoylTl7£-hydroty-4-aza-andtost-5- 
en-3rone 
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To the product of Step A, above, (2.0 g) in THF (80 ml) in 
a polyethylene bottle was added hydrofluoric acid (2.0 ml) dropwise. 
The mixture was sitrred at room temperature until the reaction was 
complete. Hie mixture was neutralized with saturated sodium 
5 bicaifoonate solution until slightly alkaline. The mixture was 

concentrated, and extracted wifli mediylene chloride. The organic layer 
was dried (Na2S04)> and concentrated to a residue which was purified 
via flash silica gel column chromatography eluted with 40-50% EtOAc 
in hexane to give die title product. 

10 

StSBJC: Preparation of 4-N-benzoyI-4-azaandrost-5-en-3-on-17P- 
vloxvacetic add ethvl ester 

To the alcohol product from Step B, above and ethyl 
diazoacetate (0 J ml) in methylene chloride (6.5 ml) was added rhodium 
15 diacetate dimer (15 mg) intermittently during 2 hours. The mixture 
was stirred at room temperature for 18 hours. The mixture was 
concentrated and the residue was purified via preparative TLC using 
two silica gel plates (2000 n) developed with 40% EtOAc in hexanes to 
a£ford the title compound (Rfi=0.33). 

20 

Step D: Preparation of 4-azaandrost-5-en-3-on-176-yloxyacetic acid 

ethvl ester ■ 

To die product of Step C. above, (90 mg) in CH2CI2 (2.0 

ml) was added hydrazine hydrate (0.2 ml). Tb& mixture was shaken for 
25 a few minutes and purified via preparative TLC using two silica gel 

plates (1500 (i) developed widi EtOAc to give die title product 

(Rf=0.54). 

SSstiE; Preparation of ethyl 5a-4-azaandrostan-3-en-176- 

30 vloxvacetate 

The product of Step D, above, and platinum oxide (35 mg) 
in glacial acetic acid (2 ml) was hydrogenated at 40 psi for 22J hours. 
The mixture was filtered durough a pad of celite. The filtrate was 
concentrated and the residue purified via preparative TLC using one 
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silica gel plate (1000 ^i) developed with EtOAc to give the title product 
(Rf=0^2; mp 170.172X). 

EXAMPLE 22 

5 ^ - 

Preparation of ethvl 4-Tnethv1>5a-4-a7aandrostan-3>oii-17fi>vlQxvacetate 
To a solotian of 17fi-hydroxy-4-methyl-5a-4-azaandrostan- 
3-one (237 g, 7.75 mmole) in methylene chloride (50 ml) was added 
ethyl diazoacetate (5 J g, 48 mmole) and ±odmm diacetate dimer (50 

10 mg) intemiittently in small portions during 60 hours resulting in ca. 
35% conversion to product The mixture was passed through a flash 
silica gel column eluted with 1.5% MeOH in c5l2Cl2 to give the semi- 
purified produa which was repurified via another flash silica gel 
column eluted widi 60-95% EtOAc in hexane to give the title product, 

15 (Rffc03/EtOAc) mp. 39-4rC 

EXAMPLE 23 

Preparation of 4-meflivl-5a-4-azaandrostan-3>on-17B>vloxvacetic acid 
20 To ethyl 4rmethyI-5a^azaandrostan-3-on-17fi- 

yloxyacetate (275 mg) in THF (10 ml) and MeOH (5 ml) under N2 was 
added 2N NaOH (3.0 ml). The mixture was stirred at room 
temii^rature for 2 houis^ fliKi concentrated in vacuo. The aqueous 
residue was extracted with CH2CI2* Hie aqueous layer was then 
2 5 acidified vrfth 3 .0 N HCl (ca. 2. 1 ml) to pH 2, and extracted with 
CH2CI2. Theorganiclayerwas washed with brine and dried 
^a2S04)* Hie solvent was removed^ and tfie erode product 
reciystallized firom CH2Cl2/hexane to give flie title compound. m.p. 
18d^.l84°C 



30 
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EXAMPLE 24 

Preparation of a) diphenylmetiiyl 4-methyI-5a-4-aza-androstan-3-on- 
176-yloxyacetate and b) diphenyImethyl-5a-4-azaandrostan-3-on-17B- 
5 vloxyacetate 

To 4-metfayl-Sa-4-azaandrostan-3-on-176-yloxyacetic acid 
(3.5 mg) in CH2CI2 (0.2 ml) under N2 was added diphenyldiazo- 
methane (ca. 20 mg) in poiticms during 15 minutes. The reaction 
stirred at room tenqwrature for 2 hours, then additional diphenyldiazo- 

10 methane (ca. 5 mg) was added and tfie reaction was allowed to stir 
overnight The mixture was purified via preparative TLC on a silica 
gel plate (1000 ji) developed with EtOAc to yield diphenylmethyl 4- 
methyI-5a-4-azaandn)stan-3-on-l 76-yloxyacetate, (Rf=0.4/EtOAc). 

Employing substantially the same procedure as described 

15 above, but substituting 5a-4-azaandrostan-3-on-176-yloxyacetic acid for 
(he starting add used therein, diphenylmethyl 5a-4-azaandrostan-3-on- 
17£-yIoxyacetate was obtained. 

EX AMPLE 25 

20 

Preparation of a) 4-mefliyl-5a-4-azaandrostan-3-on-17B-yloxy-N-(3,4- 
dichIorobenzyl)acetamide and b) 4-methyI-5a-4-azaandrostan-3-on-176- 
vloxv-N-Dhenvlacetamide 

Ethyl 4-methyl-5a-4-azaandrostan-3-on-176-yloxyacetate 
25 (30 mg, ca. 70% pure) and 3,4-dichIorobenzylamine (0.3 ml) were 
heated together under N2 at 172*C for 18 hours. The mixture was 
purified via preparative TLC on a silica gel plate (2000 n) developed 
wifli EtOAc to yield the crade dichlorobenzylacetamide compound. The 
erode product was dissolved in CH2CI2 and filtered, and the solvent 
30 rranoved m vacuo, and the residue was re-purified via pi^arative TLC 
on a silica gel plate (500 \i) to yield tfie didilorobenzylacetamide titie 
product (a). MS M+ calculated for C28H38CI2N2O3, MW=521.53; 
observed m/e 520, 521 , 522. 
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Employing substantially tfie same procedure as described 
above, but substituting aniline for tiie amine used tiierein, and stirring 
the mixture for ca. Sl hours instead of 18 hours, the phenylacetamide 
title product (b) was obtained, (Rf=0.4 in 6:7 acetonerEtOAc), m.p. 
5 221-223X, 

EXAMPLE 26 

Preparation of 5a-4-azaandrostan-3-on-17B-yloxy-N-(4- 
10 acetvlphepy^)afifttamirfft via Tnhred anhydride method 

To a mixtoie of 5a-4-azaandrostan-3-on-176-yloxyacetic 
acid (175 mg) and N-methyhnorpholine (60 |il) in dry THF (80 ml) was 
stirred at room temperature for 1/2 hour and then cooled to -20°C 
under N2* To this mixture was added isobutyl chlorofbnnate (75 ml) 

15 dropwise during 5 min* period and stirred at -20*'C for 20 min- 
foUowed by adding a solution of 4-amino-acetoplienone (100 mg) in 
THF (3 ml) dtopwise. The mixtuie was stirred at -^"^C for 1/2 hr and 
theiiat ambient tenq^erature ovemigJiL The mixture was concratrated 
and purified via preparative TLC developed with 11% MeOH in EtOAc 

20 to give Ihe titie product 

P^^AMPILE 27 

Preparation of a) 4-methyl-17a-phKiyIsulfonyl-5a-4-jazaandn)stan-3- 
25 one and b) 4-methyl-17a-phrayIsul-f]nyl-5a-4-azaandrostan-3-one 

isomer a and isomer b 

To 17a-fliiophenoxy-4-methyl-5a-4-a2a-androstan-3-one 

(65 mg) in CH2CI2 (5 ml) was added a solution of MCPB A (53 mg) in 

CH2CI2 (1 nil) dropwise. The mixture was stirred at room temperature 
30 for 1 hour and subjected to preparative TLC purification using two 

silica gel plates (2000 \i) developed wifli EtOAc twice (Rf^).39; 0.18; 

0.1 1/EtOAc X 2). Rqmrification via peparative TLC afforded the titie 

sulfone (a) (Rf = 0.44/EtOAc x 2; mp. 265-268'*C) and the titie 
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sulfoxide (b) isomer a (Rf =0.19/EtOAc x 2; mp. 180-181. 5°C) and the 
sulfoxide (b) isomer b (Rf=0.12/EtOAc x 2; mp 199-201°C). 

EXAMPLE 28 

5 

Preparation of a) 17B-(2-picolyloxy)-4-methyl-5a-4-a2aandrostan-3-one 

and b) 17B-benzvloxv-4.methvl-5m-4- azaandrostan.-^-nnp>. 

To 176-hydroxy-4-methyl-5a-azaandrostan-3-one (61 mg) 
in THF (4 ml) was added 95% NaH (20 mg) and 2-picoIyI cWoride 

10 hydrochloride (82 mg) under N2. The mixtme was heated at 70-80°C 
for 18 hours. The mixture was purified via silica gel preparative TLC 
to give the title compound (a) (Rf = 020/EtOAc x 2; mp. 171-1 73''Q. 

Using benzyl bromide in place of 2-picolylchloride in the 
above procedure gave the title benzyloxy compound (b) (Rf s 

15 0.39/EtOAc X 2; mp. 198-199''C). 

EXAMPLE 29 

Preparation of 

a) 176-diphenyImetfaoxy-4-metfayI-5a-4- 
azaandrostan-3-one and 

b) 1 7B-diphenvlmftth^^ v-5nt-4-ayaan drostan.3^nft 
To a stirred sohition of 17fi-bydroxy-4-methyl-5a-4- 

azandrostan-3-one (25 mg) and BF3«etherate (2 drops) in THF (1.5 ml) 
25 wasaddedinteraiittentIydiphenyldiazomethane(5mgx4). Preparative 

TLC purification of die mixture using a silica gel plate developed with 

EtOAc yielded title compound (a) (Rf = 0.4/EtOAc); m.p. 79-82°C. 

Title con^)ound (b) was prepared using substantially the 

same procedure as described for title compound (a), except 17B- 
*o hydroxy-5a-4-azaandrostan-3-one was used as die starting material. 
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EXAMPLE 30 

Preparation of 

a) 4-melhyl-5a-4-a2aandrostan-3-oii-17B-yloxy-N- 
5 (4-acetyIplienyl)acetamide, and 

b) 17B-niethyIeneoxy-p^-cycIohexyI-N-^-cycIohexyl- 
carbamoyl)caibamoyi]-4-metiiyl-5a-4- 

azaandrostan>3-6ne 

To 4-mefliyI-5a-4-azaandrbstan-3-on-17B-yloxy 
10 acetic add (43 mg) and acetylaniline (50 mg) in CH2CI2 (2.5 ml) was 
added DCC (150 mg) andDMAP (5 mg) with stirring at room 
t^perature for 18 hours. Silica gel preparative TLC purification (Rf 
= 0J5/EtOAc) gave tide compound (a) wifli ni.p. 171.5-173°C, and tide 
compound (b) (Rf = 0.25/EtOAc). 

EXAMPLE 31 

Preparation of 4-methvl-5fi^araandr ostan-3-on476-vloxvacetamide 
4-Methyl-5a-4-azaaiidrostan-3-on-170-yloxyacetic acid (40 

20 mg) and formamide (0.8 ml) were heated at 178-180''C under N2 for 18 
hours. The mixture was cooled to room toiperature and poured onto 
ice-water. The cmde product was extracted witii CH2C12 and dried 
(Na2S04). Removal of solvrat gave the erode product whidi was 
recrystallized firam C3l2Cl2-hexane wifli trace MeOH to give titie 

25 product^ HLp. 222-225X. 



30 
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To a solution of azasteroid 32a (250 mg) in 
dimethoxycyclo-hexane (10 ml) was added pyridinmn p- 
tohienesulfonate and the reaction mixture was heated at 140°C for 2 hrs. 
The temperature of the reaction was increased and dimethoxy- 
cyclohexane was removed slowly by distillation over 4 hrs. Finally all 
the dimethoxycyclohexane was distilled off and residue taken in ethyl 
acetate, washed with aqueous sodium bicarbonate, brine, dried and 
concentrated to give 32b. MS calculated for C27H43NO2, 413.65. 
Observed 413 (EI). 
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To a solution of enol ether 32b (150 mg) in CH2CI2 (2 ml) 
was added triettiylsilane (418.6 mg, 10 eq.) followed slow dropwise 
addition of trifluoroacetic acid (TFA) (2.07 g). After stirring the 
reaction overnight at room traiperature, the reaction mixture was 
5 diluted wifli C3l2ei2, washed with aq. NaHCOs, brine, dried and 
concmtrated. Hie residue was purified by preparative thin layer 
chrcmiatography over silica gel using 30% acetone/CH2Cl2 as solvent to 
obtain 33a. MS calculated for C27H45NO2, 415.66. Observed 415(EI). 

10 Also included wifli flie scope of ttes invention are 4-N-X 

analogs wherein X is OH, NH2 or SCH3. The 4-N-OH and 4.N-NH2 
derivatives can be made by incorporating hydroxylamine or hydrazine, 
respectively, in place of methyl amine in the seco acid rix^ A closure 
for die starting androstanes herein as described in J. Med Chem. 22> 

15 2998-2315 (1986) by Rasmusson et al. Furflier, reaction of the anion of 
the saturated 4-N-H androstanes, wherdn the anion is generated £rom 
die 4*NH precursor by sodium hydride, and methyl sulfenyl chloride 
can produce the conespondmg 4-N-SCH3 derivative. Thus, substituent 
r3 on the 4-N position also inchides OH, NH2 and SCII3. 

20 
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NMRDATA 
Angular Methvkfppm) Miscellaneniisrp pm^ 



UJ)5, 0.60 


5.28 (-0Cii(Ph)2) 


0.66, 0.89 


129 (CH3CH20CO) 


0.04, 0.89 


5.49(-COOCii2Ph) 


0.69, 0.88 


3.31 (-CH20Cii3) 


0.69, 0.89 


3.28 (-0CH3) 


0.64, 0.89 


3.32(-CH20Cii3) 


0.64, 0.89 


1J5(-CH2SCH2CH3) 


0.67, 0.89 


4.07(-CH2OCaj2COOH) 


0.56, 0.84 


5.29(-OQi(Ph)2 


0.68, 0.88 


5.28 (-CH20CH(Ph)2 


0.68. 0.88 


1.25 (-CH2SCH2qH3) 


0.68, 0.88 


1.24(-CH2SCH(qH3)2) 




1.27 


0.90, 0.93 


2.94(.4-NCH3) 


0.92, 0.95 


2.93 (-4-NCIi3) 


0.91, 0.93 


2.93 (-4.NCH3) 


0.93, 0.99 


2.94 (-4.NCH3) 


0.93, 0.97 


2.95 (-♦-NqHs) 


0.91, 0.93 


2.93 (-4-NCai3) 


0.91 (6H) 


2.93 (-4-NCIi3) 


0.91 (6H) 


2.93 (-4-NQi3) 


0.92 (6H) 


2.92 (-4-NqH3) 


0.91 (6H) 


2.27 (Ph-Qi3) 


0.92, 0.94 


2.98 (-4-Nqii3) 


0.92 (6H) 


2.15 (-NHCOC3i3) 


0.91, 0.93 


2.93 (-4.Nqi3) 
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NMR DATA. CONT 

Example Angular MetfavlsCpp m') Nfiscellaneousfpp m) 

15a 0.91,0.93 2.93 (-4-NQi3) 

5 15b 0.82,0.92 2.95 (-♦-NCHB) 

15c 0:83,0.91 2.94(-4-NQi3) 

16(tide) 0.74, 0.87 2.91 (-4.NCa3) 

16a 0.76,0.89 2.92 (-4-NCIi3) 

16b 0.76,0.89 2.92 (-4-NQi3) 

10 16c 0.76.0.88 2.92 (-4-NCIi3) 

16d 0.80,0.88 2.92 (-4-NQi3) 

16e 0.80,1.10 3.10(-4-NQi3) 

16f 0.78, 1.10 3.10 (-4-NqH3) 

17, Step A 0.94,1.15 1.27 (t) (-OCH2Ca3) 

15 17, Step B 0.88,1.14 1.27 (t) (-OCH2C3J3) 

lJ0(t)(-OCH2Qi3) 

17, Step C 0.89. 1.15 4.16 (-Oqii2COOH) 

17, Step D 0.86,1.10 4.12 (dd) (-0CH2C00H) 

17, Step E 0.82.0.90 4.11 (dd) (-OdfcGOOH) 

20 18a 0.89.0.94 2.60(-COCH3) 

18b 0.81, 0.91 

18c 0.86.0.92 

19a 0.86,0.93 131 (-C(C3i3)3) 

i9b 0.82.0.92 1.22 (d) (-CH(qH3)2) 

25 1.44 (d) (-GH(Qa3)2) 

20 0.86,0.91 1.48(d)(-CH(OH)CH3) 

21,St^A 0.87,1.31 0.91 (-C(Ca3)3) 

21, Step B 0.80, 130 

21.St^C 0.85.1.30 4.09 (-OCfl2C02Et) 



30 
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Example 


Aneular Methvlsfppm'J 


MisceUaneousCppm'^ 




21, Step D 


0.86, 1.12 


4.10 (-OCii2C02Et) 


5 


21, StepE 


0.80, 0.88 


4.09 (-OCH2C02Et) 




22 


0.82, 0.90 


2.92 (-4-NCH3) 




23 


0.82,0.90 


2.94 (-4-NCH3) 




24a 


0.80, 0.89 


2.92 (-4-NCIi3) 




24b 


0.79, 0.89 


4.18 (-OCH2C02CHPh2) 


10 


25a 


0.76. 0.87 


2.91 (-4-NCH3) 




25b 


0.87, 0.92 


2.93 (-4-NQi3) 




26 


0.89, 0.93 


4.08 (-0Cli2C0-) 




27a 


0.89, 0.93 


2.94 (-4-NCH3) 




27b asam. a) 


0.90, 0.92 


2.94 (-4-NQ13) 


15 


27b(Isoni.b) 


0.92. 0.98 


2.95 (-4-NQi3) 




28a 


0.87, 0.91 


2.93 (■4-NCH3) 




28b 


0.86. 0.91 


4 J4 (-Qi2Ph) 




29a 


0.91. 0.93 


5.42 (Ph2QiO-) 




30a 


0.89. 0.93 


2.60 (-C0CH3) 


20 


30b 


0.80, 0.88 


2.92 H-NCii3) 




31 


0.80, 0.89 


2.93 (-4-NCii3) 



NoveJ conq)oimds of fliis invention also include, but are not 
25 limited to, the foUowing compounds. These compounds can be 

prepared according to the procedures in the Examples indicated below, 
using the appropriate starting materials. 



30 
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Prepared 
by Example 



16 4-methyl-17<3-methylbutyloxymethyl>5a-4-azaaD(irosto 
5 3-one, 

16 4-methyl-20-(3-methylbutyloxymethyI)-5a-4-azapregiian^ 
one, 

18 4-methyl-17-0*^-phenylcaiboxaimdomethoxymethyl)-5a-^ 
azaandrostan-B-one, 
10 10 4-methyI-17-^-mtrophenoxymetiiyl)-4-methyl-5a-4- 
azaaiidr6stan-3-€me, 
17-^-(dime&yIammo)phenoxymethyl)-4-melhyl-5a-^ 
azaandiostanr3-oiie, 
9 24-(isopropyWrio)-4^ethyl-5a-4-a2acholan-3-dne, 
15 4-me&yl-17-^£rimetfayIammomum)phCToxymethyl)-5a-4- 
azaandiostan-3-oiie iodi&, 
9 17<3-(isopropyltMo)propyl)-4-methyl-5a-4<izaandiostan- 

3- one, 

16 17-(aUyloxymetiiyl)-4-meth^«5a-4-azaandrostan-3-one, 
20 16 4-mefliyl-17-(n-propyIoxymethyI)-5a-4-a2aandrostan-3- 
one, 

16 20-(aUyloxymefliyl)-4-metfiyl-5a-4-az^rcgnan-3-one, 

25 N-phenyl 4-inethyl-5a-22-oxa-3-oxo-4*azachoIanaimde, 

26 N-(4-aeetylph«iyl) 4-ineaiyl-5a-22-oxa-3-bxo-4- 
25 azacholanamide, 

16 4Tmethyl-24<2-methyI-2-propeQyloxy)-5a-4-aachoto^ 
one, 

16 24-allyloxy-4-methyl-5a-4-a2acholan-3-one, 
13 17-(p-acetamido)phenoxymethyl>4-mefliyl-5a-4- 
30 azaandrostan-3-one, 

26 24-((4-acetyi)phenyIaminocailK)nylmethoxy)^ 

4- azacholan-3-one* 
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The following compounds are also encompassed by the 
instant invention. They can be prepared, using the appropriate starting 
materials, according to the procedures described in the noted examples, 
below. 

Prepared 
by Example 





11 


17p-(4-methoxyphenoxy)-4-methyl-4-aza-5a-androstan-3- 


10 




one (mp 145-148T) 




26 


17p-(l -adamaiitylammocarfoonylmethoxy)-4-aza-5a- 
androstan-3-one (mp 272-274*C) 




26 


1 7PK2^-dimethylediy lamino«ut)onylmethoxy)-4-aza-5a- 
androstan-3-Qne (mp 257-259°C) 


15 


26 


17p-(2-hydn>xyethylaminocart>onylmeflioxy)-4-aza-5a- 
androstan-3-one (mp 213-214''C) 




26 


17p-(NJ4-diisopropylacetamidoxy)-4-a2a-5a-androstan-3- 
one (mp 235-237''C) 




11 


17p-(2-«yanophenoxy)-4-methyl-4-aza-5a-androstan-3-one 


20 




(mp 175-177*C) 




10 


17p-(4-mtroph«ioxy)-4-aza-5a-androstan-3-one (mp 280- 
282°C) 




10 


17P-(2-nitrophenoxy)-4-aza-5a-androstaii-3-one (mp 
263J-265°C) 


25 


14 


17p-(2-carboxamidophenoxy)-4-mediyl-4-aza-5a- 
androstan-3-one (mp 296-298''C) 




10 


17p-(2-nitrophenoxy>4-niethyI-4-aza-Sa-aDdrostan-3-one 
(mp 233-236'*C) 




11 


17p-(3-cyanophenoxy)-4-methyl-4-aza-5a-androstan-3-one 


30 




(mp 122-125''C) 




11 


17a-(4-cyanopIienoxy)-4-methyl-4-aza-5a-androstan-3-one 
(mp 196-199°C) 




14 


1 7P-(3-caiboxamidophenoxy>4-niettiyl-4-aza'5a- 
andn}stan-3-one (mp 255-258'C) 
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16 17p-{4-(NJ*-dimethylcarbamoyl)-phenoxy}-4-methyl-4- 
aza-5a-androstan-3-one (mp 192-195*'Q 



BIOLOGICAL ASSAYS 

Preparation of Hmnan inostatic and scalp 5a-reductases. 

Samples of human tissue were pulverized using a freezer 
mill and homogoiized in 40 mM potassium phosphate, pH 65, 5 mM 
magnesium sulfate^ 25 mM potassium chloride, 1 mM phenylmethyl- 
sulfonyl fluoride, 1 mM dithiothreitol (DTT) containing 0.25 M sucrose 
usmg a Potter-Elvehjem homogenizes A CTude nuclear pellet was 
prq)ared by centrifiigation of the homogenate at l,500xg for 15 min. 
The erode nuclear pellet was washed two times ^d resuspended in two 
volumes of buffer Glycerol was added to tfie resuspended pellet to 
a final concentration of 20%. The ^izyme suspension was firozra in 
aliquots at -SO^C The prostatic and scalp reductases were stable for 
at least 4 mondis v/hta stored under these conditions. 

5a-reductase assav. 

The reaction mixture contained in a final volume of 100 ^1 
is: 40 mM buffer Qiunian sca^, potassimn phosphate, pH 6J^^ human 
prostatic 5a-reductase, sodhnn citrate, pH 5 J), 0.3-10 jiMl^C-T (or 
3H-T) CT" stands for testosterone), 1 mM DTT, and 500 ^iM NADPH. 
TypicaDy, the assay was initiated by ^ additidn of 50-100 ^g prostatic 
homogenate or 75-200 ^g scalp homogenate and mcubated at 37^. 
A&ST 10-50 min the reaction \m quenched by extraction with 250 pi of 
amixture of 70% cyclohexane: 30% ethyl acetate containing 10 ^g each 
DHTandT. The aqueous and organic lay^ were sq>arated by 
centrifiigation at 14,000 rpin m an Epp^dorf microfuge. The organic 
layer was subjected to normal phase HPLC (10 cm Whatman partisil 5 
silica cohmm equilibrated in 1 mlAnin 70 % cyclohexane: 30 % ethyl 
acetate; retention times: DITT, 6.8-7.2 min; androstanediol, 7.6-8.0 min; 
T, 9.1-9.7 mm). The HPLC system consisted of a Waters Model 680 
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Gradient System equipped wifli a Hitachi Model 655A autosampler, 
Applied Biosystems Model 757 variable UV detector, and a Radiomatic 
Model Al 20 radioactivity analyzer. The conversion of T to DHT was 
monitored using the radioactivity flow detector by mixing the HPLC 
5 effluent with one volume of Ro Scint 1 (Radiomatic). Under the 
conditions described, the production of DHT was linear for at least 25 
min. TTie only steroids observed with tiie human prostate and scalp 
preparations were T, DHT and androstanediol. 

10 Stumptail Macaque Pmtncnl 

The following protocol is utilized with the stumptail 
macaque monkey to demonstrate the effect of compounds of the present 
invention for promoting hair growth. 

Twraity-one male stumptail macaque monkeys of species 

15 Macaca specinsa are assigned to vehicle control and dmg treatment 
groups on ttie basis of baseline hair weight data. This assignment 
procedure is necessary to insure that the average baseline hair growth 
for each control and experimental group is comparable. The control 
and drug treatment groups are as follows: 

20 

1. Topical 50:30:20 vehicle (N = 6) 

2. Oral 5a-rcductase and topical 50:30:20 vehicle (N = 5) 

3. Oral placebo (N = 5) 

4. 5a-reductase in vehicle 0^ = 5) 

25 

The vehicle consists of 50% propylene glycol, 30% ethanol and 20% 
water. A 100 mM concentration of topical 5a-reductase is fonnulated 
in this vehicle. The same 5a-reductase is admmistered as an oral dose 
of 0.5 mg per monkey. Immediately prior to the dosing phase of the 
3 0 study, hair is removed from a 1 inch square area (identified by four 
tattoos) in the center of the balding scalp. This hair collection is the 
baseline hair growth determination prior to die beginning of treatment. 
Approximately 250 fiL of vehicle and 5a-reductase in vehicle is 
prepared and topically administered to the tattooed area of the scal^. 
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The selected 5a*iedactase and placebo is ingested by the monkeys at the 
same time as the topical doses are administered. Hie monkeys are dosed 
once per day, seven days per week for twMity weeks. 

At fom" week intervals throughout the dosing phase of Oie 

5 study, eadi monkey is shaved and die hair is collected and weighed. 
The body weight data (at baseline and duiing assay) is analyzed by the 
nonparametiic Wilcoxon rank-sum test. DMerraces are signfficant at 
p< 0.05. Hair weight data at each week collection for vehicle, placebo 
and treatment groups are expressed as the chan^ from baseline. 

10 Statistical analysis is performed on the rank of the data to show overall 
differences among groups at eadi four week collection. 

While the invention has bom described and illustrated with 
reference to certain preferred embodiments thereof, those skilled in the 

15 art will appreciate that various changes, modifications and substitutions 
can be made thmin without departing from the spirit and scope of the 
invention. For example, effective dosages ofter than the prefened 
dosages as set fbrdi herein above may be applicable as a consequence 
of variations in the responsiveness of the mammal being treated for any 

20 of the mdications for the compounds of the invention indicated above. 
Likewise, the specific pharmacological responses observed may vary 
according to and depencfing upon the particular active con^>ound 
selected or whether there are present pharmaceutical carriers, as well 
as the type of formulation and mode of administration raiployed, and 

25 sudi expected variations or differences in tiie results are contenrplated 
in accordance wiA tile objects and practices of tiie present invention. It 
is intended^ dierefore, that tiie invention be limited only by the scope of 
&e claims which follow and that such claims be interpreted as broadly 
as is reasonable. 



30 
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WHAT IS CLAIMED TS: 



1 . A compound of fonnula I 



10 




15 



20 



30 



wherein a and b are both single bonds and R2 is hydrogen, or 
a is a doable bond, is a single bond and R2 is hydrogen, or 
£ is a single bond, b is a double bond and R2 is absent; 



Zis 
nis 
Xis 



Rlis 



R3 

25 R4 



IS 



IS 



XR4,or-(CHRl)n-XR4; 

an integer selected from 1-10; 
-O- or -S(0)p-, 
5^erein p is zero, 1 or 2; 

-H, aryl, or -Ci-salkyl unsubstituted or substituted with 
aryl and when n is greater than 1, Rl can be the same or 
different at each occurrence; 
-H, methyl, ethyl, -OH, -NH2 or -SCH3; 

1) -C1.20 alkyl, unsubstituted 

or substituted with one or more of: 

a) -OH, 

b) halo, 

c) -Ci-s alkoxy, 

d) -Cl-lO alkenyl, 

e) -CONR5R5, wherein R5 is independently 

i) -H, 

ii) -C1.8 alkyl unsubstituted or 
substituted with one or more of R7, 
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aryl or heterocycle, the aryl being 
iinsubstitated or substituted witii one 
ormoreof R7 orR9, 

iii) aiyl unsubstituted or substituted with 
one or more of R7 or R9, or 

iv) heterocycle, unsubstituted or 
substituted with one or more 
ofR7orR9, 

f) -COOR6, \^erein R6 is 

i) -H, 

ii) -Ci<8 alkyl unsutetituted or 
substimted widi one or more of 
R7 or aiyl, the aiyl being 
unsubstituted or substituted 

with one or more of R7 or R9, or 

iii) aiyl, unsubstituted or 
substituted with cm or more of 
R7orR9, 

g) -S(0)p-R5, wherein p is drfined above, 
Ii)-N(R5)2. 

i) laiyl, unsubstituted or substituted 

with one or more of aryl, R7 or R9, 
j) heterocycle, unsubstituted or substituted with 

one or more of R7 or R9, 
k) -C3-IO cycloalkyl, 

unsubstituted or substituted with 

one or more of R7 or R9, or 

I) -a)NR8-CO-NHR8, wherein R8 is -H, 
-Cl-S alkyl, b^izyl or cyclohexyl, 

aryl, unsutetituted or substituted wiOi one or 
more of aryl, R7 or R9, or 
heterocycle or -C3.10 cycloalkyl, either 
of is unsubstituted or substituted 
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with one or more of R7 or R9; 

R7is 1) -OH. 

2) -Ci-3 alkoxy. 
5 3) -CN, 

4) -C00R6 

5) -Ci-8aIkyI-CCX)R6 

6) -N02, or 

7) -halo; and 

8) amino, mono-Ci-C4-alkyIamino,di-Cl-C4- 
alkylamino; 

R9 is 1 ) -Ci -8 alkyl, imsubstituted or substituted with one or 
more of aiyl or R7, 
15 2) -CO.A,-Cl-8aIkyl-CO-A,.NHCO-A,or 

-S(0)p-A, wherein p is defined above and A is 

a) -H. 

b) -Ci -8 alkyl, unsubstituted or substituted 
with one or more of 

20 i) .R7, or 

ii) aryl, unsubstituted or substituted with 
one or more of R7, or 

c) aryU unsubstituted or substituted with one 
or more of R7, 

25 3) -NHCObeterocycle, 

4) -N(R10)2 or -CX)N(RlO)2 wherein RlO is 
indepoidently het»x>cycie, or -A, 

5) -NHC0-(CH2)q-CaQ. wherein q is 1-4, 
and Q is -N(RlO)2 or -ORlO; 

30 

with the proviso that when Z is -0R4, r3 is -H, a is a single bond and b 
is a single or double bond, R4 is not isopentyl; 



or a pharmaceutically acceptable salt or ester thereof. 
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2. Hie coiiq)oimd of Claim 1 having structural 

fonnula H 



3. The compound of Claim 2 wiierein R4 is -Ci .20 
alkyl, unsubstituted or substihited witii one or more of 



-OH, halo, -Cl-galkoxy, -Ci^ealkenyl, -S(0)p-R5, 
-N0R5)2, aiyl unsubstituted or substituted with one or more 
of aiyl, R7 or R9, faeterocycle unsubstituted or substituted 
with one or more of R7 or R9, or -C3.10 cycloaDqrl 
unsubstituted or substituted widi one or mote of R7 or R9. 



4. Theconqioundof Claim2\(di«einR4is-Ci.20 
alkyl substituted wi& -CONR5r5, <X)0R6 or -C0NR8C0NHR8. 

5. The conqiound of Gahn 2 \^eiein R4 is aiyl 
unsubstimted or substituted with one or more of aiyl, R7 or R9; 

het^(^cle unsubstituted or substituted with one or more 
ofR7orR9;or 

-C3.10 cycloaIk}d unsubstituted or substituted with one or 
moreof R7 orR9. 




XR* 



I H 
CH3 



II 



6. The compound of Claim 1 having structural 

fomnila IH 
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10 7. The compound of Claim 6 wherein R4 is -Cl -20 

alkyl, unsubstituted or substituted with one or more of 

-OH. halo. -Cl-galkoxy, -Cl-6alkenyl, -S(0)p-R5, 
-N(R5)2. aiyl unsubstituted or substituted with one or more 
of aiyl. R7 or R9, heterocycle unsubstituted or substituted 

15 wifli tme or more of R7 or R9, or -C3-10 cycloalkyl 

unsubstituted or substituted with one or more of R7 or R9. 

8. The compound of Qaim 6 vt^erein R4 is -Cl-20 
aUcyl substituted with -CONR5r5, <XD0R6 or -CONR8cONHR8. 

20 

9. Hie compound of Qaim 6 wherein R4 is 

aryl unsubstituted or substituted with one or more of aryl 

R7orR9; 

heterocycle unsubstituted or substituted with one or more 
25 ofR7orR9;or 

-C3-IO cycloalkyl unsubstituted or substituted with one or 
more of R7 or R9. 

10. A compound selected from the group consisting of: 

30 

20-(metfioxymethyl)-4-mediyl-Sa-4-azapregnan-3-one, 

17-(carbobenzyloxymethoxymethyl)-4-methyl.5a-4-aza-androstan-3- 
one. 

Sa-4-azaandrostan-3-on-17B-yloxy-N-(4-acetylphenyI)-acetamide. 
17a-thiophenoxy-4-metfiyI-Sa-4-azaandrostan-3-one. 
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17-(methoxymethyl)-4-mefliyI-5a-4-azaandrostan-3-one, 

17-(ethyitiiiomefliyl)-4-inethyl-5a-4-azaandiostan-3-oiie» 

17-(cart)oxymeflioxymethyl)-4-mefliyl-5a-4-azaandrostan-3-oiie, 

17-(caiboethoxymedioxymefliyI)-4-mediyl-Sa-4-azaandrostan-3-one, 

5 17-(carboben^loxymethoxymetliyl)-4-mefliyl-5a-4-azaandiDstan- 
3-oiie, 

I7-((iiph«iylmelhoxymelhyl)-4-methyl-5a-4-azaaiidrostan-3-one, 

20-(diphaiy]metfaoxy>4-me%l-5a-4-az!^regnaii-3-aiie, 

20-(inetfao^)-4-mediyl-Sa-4-azq>iegnaii-3-oiie, 

10 20-(mefiioxymethyl)-4-mediyI-5a-4-azapregnaii-3-one, 

20-(diphenyImedioxymethyl)-4-methyl.5ap4-a2apregiian-3-one, 
2(KediyltIiiomethyl>4-mediyIr5a-4-azapiegDan-3-oiie, 
20-<isoprqpyItinomethyl)^metiiyl-5a-4-aziq)iegiian-3-one, 
ethyl 4-ine1]iy]-5a-4-azaandrostaji-3-on-I76-yloxyacetatB, 

15 diphenylme%I4-melfayI-5a-4-azaandrostan-3-Qn-17fi- 
yloxyacetate, 

4-methyl-5a-4-a2aandit)stan-3-on-176-yIoxy-N-(3.4-dicWoro- 
benzyOace&miide, 

4-me%l-5a-4-azaandiostan-3-on-17B-yIoxy-N-phenylacetaimde, 
20 4-metfayl-5a-4-azaandrostan-3-oii-176-yIoxyacetic add, 
4-mediyI-5a-4-azaaiidn>stan-3-on-I76-yloxy-N-(4-acetyl- 
phenyl)acetaniide, 

4-mejSiyl-5a-4-azaandiDstan-3-Qn-17fi-ylo]^cetamide, 
17B-{4-biphenyloxy)-4-niettiyI-5o-4-a2aandiostan-3-ane, 

25 17B-(2,4-dimtn^henoxy)-4-inethyl-5a4-azaandiDstan-3-oiie, 
4-methyl-17a-phaio^-Sa-4>azaandn)stan-3-one, 
17a<4-biphenyIoxy>4-iiietiiyI'5a-4-azaaiidrostan-3-oiie, 
17fi-di[dieiiyImethoxy-4-meth^-5a-4-azaandiostan-3-<nie, 
4-methyI>17a-diiopheiioxy-Sa-4-azaandrostan-3-one, 

30 4-ii»%l-17a-plimylsiilfonyl-5a-4-azaandix)stan-3-oiie, 

4-methyl-I7a-phen^sulfmyl-5a-4-azaandrostan-3Kme (isomet a), 
4-metfayI-17a-phenylsiiIfinyI-5a-4-azaandrostan-3-one 0somer b), 
4-metfayI-I7B-(4-mtrophenoxy)-5a-4-azaandiostaii-3-one, 
17fi<4-aimnopheiioxy>4-methyI-5a^azaandrostaii-3-oiie 
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hydrochloride, 

176-(4-acetamidophenoxy)-4-methyI-5a-4-a2aandrostan-3-one, 
176-(4-cyanophenoxy)-4-methyl-5a-4-azaandrostaii-3-one. 
17B-(4-cart)oxaniidophenoxy)-4-mefliyl-5a-4-azaandrostan-3-one. 
5 17B.methyleneoxy-[N-cycIohexyl-N-(N-cyclofaexyl.cart>amoyl). ' 
caitamoyI]-4-methyl-5a-4-azaandrostan-3-one, 
4-methyI-17B-(3-pyridyl)oxy-5a-4-azaandrostan-3-one, 
4-methyI-17B-(2-pyridyl)methoxy-5a-4-a2aandrostan-3-one, 
176-benzyIoxy-4-methyl-5a-4-azaandrostan.3^ne, 
10 ethyl 5a-4-azaandn)stan-3-on-17B-yIoxyacetate, 
5a-4-azaandrostan-3K)n-17B-yloxyacetic add. 
5a-4-a2aandn)staii-3-on-17B-yIoxy-N-phenylacetainide, 

5a-4-azaandrostaii-3-on.l7B-yIoxy-N-(4.acetylphenyl)acetamide, 
diphenyImethyl5a-4-azaandrostan-3-on-17B-yloxyacetate, 
15 I7B-mediyIeneoxy-[N-cyclohexyl-N-(N-cyclohexyl- 
caibamoyl)cart)amoyl]-5a-4-a2aandrostan-3-Qne, 

5a-4-a2aandrostan-3-oii-17B.yIoxy-N-[4-(l(RS)-hydroxy- 
etfay])phenyl]acetaiiiide. 

5a^-a2aandn)Stan.3K)n.l7B.yloxy-N-(4-t-butylphenyl)acetaniide, 
17B-methyleneoxy-[N-isopropyl-N-(N.isopropyI-carbamoyI)- 
caibamoyl]-5a-4-azaandiostaii-3-one, 

17-(4-niethylpenlyIoxyH-methyI-5a-4.azaandrostan-3-one, 
17-hexyloxy-4-mefliyl-5oc-4-azaandrostan-3-one, 
4-methyl-17-piDpyloxy-5a-4-azaandrostan-3-one, 
25 4-methyI-17-undecyloxy-5o-4-azaaiidrostaD-3-oiie, 
17-aflyloxy-4-methyl-5a-4-azaandrostan-3-one, 
17.aUyloxy-4-methyl-4-a2aandrost-5-eii.3-Qne, and 
17-hexyloxy^methyl-4-azaandrost-5-en-3-one, 



20 



30 



or a phanoMceotically acceptable salt or ester thereof. 
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11. A compound selected from flie group consisting of: 

4-melliyl-17-C3-methyIbutyIoxymethyl)-5a-4-azaandrostan-3-one, 
4-metiiyI-20-(3-mediyIbiityloxymediyl)-5a-4-a2aprcgnan-3K)ne, 
5 4-metiiyl-17-(N-pliaiylcarboxaniidomedioxymethyl)-5a-4- 
azaandrostan-3-one, 

4^eti[i)d-17^NitrophHio3^melh)i)-4-mefliyI-5a-4-aaandrostan-3- 
one, 

17-^-(dimethylamino)pheno3Q'methyI)-4-metiiyl-5a-4-azaandrostan- 
10 3-one, 

24-(isopropyldiio)-4-metfayl-5a-4-azadiolan-3-one, 
4-metfiyl-17-(p-trimethylammonium)phenoxymediyl)-5a-4- 
azaandrostanr3-one iodide, 

17-(3<isopropylthio)pn)pylH-inefliyl-5d-4-azaandrostan-3-one, 
15 I7-(alIyioxymethyI)-4-mefliyi-5a-4-azaandrostan-3-one, 
4-metfiyH7-(n-propyloxymethyl)-5a-4-azaandrDstan-3-one, 
20-(aDyloxymediyl)-4-methyI-5a-4-azapiegnanr-3-one, 
N-phenyl 4-metIorl-5a-22-oxa-3-oxo-4-azacholanamide, 
N-(4-ac^plien34) 4-mefliyMa-22-oxa-3-oxD-4-azacfaolanamide, 
20 4-methyl-24-(2-inediyl-2-piopaiyloxy)-5a-4-azadioIan-3-one, 
24-a]lyIoxy-4-]netiiyl-Sa-4-azaciiolan-3-Qne, 

17-(p-acetamido)phenoxyme%l>4-mefliyl-5a-4-azaandrostan-3-one, 
24-((4-acetyl)phenyIaminDcaibQnylmeflioxy>4-metfayl-5a-4- 
azachoIan-3-pne, 

25 17P-(4-mdhoxyphaioxy)-4-niethyl-4-aza-5a^andiDStan-3-oiie, 

.17p-(lradamaiilylaimnocaibonylmethoxy)-4-aza-5a-androstan-3-one, 

17p<2,2'<iiniediylelbylaniiaocaii)onyImeaioxy)-4-aza-5a-findrost^ 
one, 

17P-(2-iqrdimyelliylamim)caiix)ny]m^oxy)-4-aza-Sa-ahdrostan-3- 
30 one, 

17p-(NJf-diisopn)pylacetamidoxy>4-a2a-5a-androstan-3-one, 
17p-(2-<granopIienoxy)-4-mefliyl-4-aza-5a-androstan-3-ane, 
17^4-mtrophenoxy)-4-aza-5a-androstan-3-oiie, 
17^(2-mtn>phenoxy)-4-aza-5a-androstan-3-oiie, 
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17p-(2-cart>oxamidophenoxy)-4-methyI-4-aza-5a-androstan-3-one, 

17p-(2-mtrophHioxy)-4-methyl-4-aza-5a-androstan-3-one, 

17P-(3-cyanophenoxy)-4-methyI-4-aza-5a-androstan-3-one, 

17a-(4-cyanophenoxy>4-methyl-4-aza-5a-androstan-3-one, 

5 17p-(3-caiboxaniidophenoxy)-4-methyl-4-aza-5a-androstan-3-one, and 

17p-{4-(N^-dimethylcart)amoyl)-phenoxy}^.methyl-4-aza-5a- 
androstan-3-oiie, 

or a phamiaceutically acceptable salt or ester thereof. 

10 

12. A phannaceutical composition comprising a 
therapeutically effective amoont of a compound of Claim 1 in a 
phannaceutically acceptable canier Aerefor. 

13. TTie use of a compound of Gaim 1 for the 
preparation of a medicament usefiil for treating benign prostatic 
hypeiplasia, acne, female hirsutism, male pattern baldness, androgenic 
alopecia, prostatitis, and/or preventing prostatic carcinoma in a human 
host in need of such treatmoit. 

20 

14. The use of Claim 1 3 wherein said compound is an 
inhibitor of 5a-reductase 1. 

15. The use of Qaim 1 3 wherein said compound is an 
25 inhibitor of 5a-rednctase 2. 

16. Theuseof Claim 13 wherein said compound is a dual 
inhibitor of both 5a-reductase 1 and 2. 

30 
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